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PREFACE 


The subjoet of Filtration is a lai’gt‘ oiu', in which 
engineer, eheniist, and biologist ari* e(jually con- 
eerned—each (h‘|K*nding for his j)rogress upon 
assistance renderi'd by tlu‘ ollu'is. In this volume 
the author oheis an ( hMiuadaiy introduction to 
the work of these s|H‘cialisls and h(‘ has endeavoured 
to provider a treatise which will he easily readable, 
sound in principle w-ithin its limits, and up to date. 

In many branches of industrial lilt ration the 
author has pc^rsonal ex])(‘rience ; in oth(‘r Ijranches 
of the art he claims only tlie know^ledge of an 
interested observer, but his rnanuscMipt has been 
read and revised by friends highly skilled in their 
respective departments. In this connection he 
respectfully acknowledges the kind assistance 
received from John AlUai, F.I.C., E. Ardern, l).8c., 
F. E. Barclay, D.Sc., Ph.l)., 8. E. Moiling, F.I.C., 
and F. H. Terleski ; also, his indebtedness to 
Mr. Livingstone Whyte for the loan of a valuable 
collection of papers relating to Filtration ; to his 
son Geoffrey L. Wollaston for preparing line 
illustrations, and to various #fms mentioned in 
the text for cculain l)locks and much useful 
information. 

T. ROLANl) W0LLA8T0N. 

The Enqineers’ Ci-ch. 

Manchester. 
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FILTRATION 


(HlAFrER I 

CHEMICAL PKECIIMTATJON, C()A(JCLATION, 

AND SEDIMENTATION 

The most common and bi^st known ai)])lication 
of chemical ])rcci))itatioii for public utility is the 
softening of hard water. Through this channel 
the author has chiefly derived experience in 
filtration and, though at first glance not directly 
to be classilied as filtration but rather as prelim¬ 
inary thereto, it offers so excellent a line of apjiroach 
that a few introductory notes thereon wdll help 
towards a correijt appreciation of the main subject. 

Hard and Soft Water. Rain water is absolutely 
pure at its origin, but, in falling in thickly i)opu- 
lated industrial centres, it bc^comes more or less 
contaminated before it reaches the earth. There¬ 
after it absorbs animal, vegetable, and mineral 
matter by percolation anti contact so that, as we 
get it from rivers, lakes, wells, or the like for 
domestic or industrial purp^stis, it is always 
impure to a greater or less degree. Hardness of 
water, its property of neutralizing soap, is known 
to everyone, and is due to dissolved salts of lime 
and magne.sia—carbonates, sulphates, nitrates, 
and chlorides. An excellent illustration of this 
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is to be found in the natural waters of the Thames 
waterslu^d vvhicli, in percolating tlirough the 
chalk formations, take into solution considerable 
fjuantiti(‘s of lime and magnesia salts. 

The following is a typical analysis of water 


sup])iit^d to the mains 

by one of the London 

W ate r J )e [ )a7*t m ('ii ts. 

Grains per gallon. 

Silica 

. 0-26 

Ahiiiiina 

0-14 

Carbonate of lime 

. 12*70 

Sali)haie of limo 
Nitrate of lime 

1*60 

1-00 

Nitrate of magiussia 

1*28 

(Chloride of sodium 

. 2-02 

Total 

. 19-00 


A water of this kind may be perfectly clear, 
sparkling, and wholesome for drinking and domes¬ 
tic purposes, but it is not pleasant to use for 
ablutions ; it c;auses great waste of soap in the 
laundry, and leaves hard chalk-like deposits in 
steam boilers, kettles, and the like. 

As an illustration of variation due to geological 
differences in the coUecting ground the following 
analysis of Manchester Town’s main water, as 
derived from the Woodhead Reservoirs, is given— 


Silica 

Carbonate of lime . 
Sulphate of magnesia 
Chloride of sodium 


Grains per gcUlon, 
. 0*30 

. 1-70 

1-66 
0-91 . 


. 4-57 


Total 
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Few public-supply waters are lower than this in 
mineral impurities and hardness. 

Water Softening. Waters of tin* former and 
indeed of most natures may he soft(*nt‘(l by •the 
addition of small cjuantitii's of lime watcT and 
carbonate of soda. (Carbonates of lime* and 
magnesia ((^r, as they c'xist in hard water, the 
soluble bicarbonates) take up adchnl lime to com¬ 
bine with their carbonic acid and to become 
insoluble carbonates. The typical reactions are— 

I. Trtsatmknt roil Temcorary Haroness 

Bicarhonatr , CnvMir Carbonate . ... 

of Calcium ^ Lime of lAmf ® 

CaH,(C0s)2 , C^aO 2CaCX), , ^ 

Soluble ^ Soluble insoluble * 

II. Treatment for Permanent Hardness 
Sulphate of . Carbonate Carbonate , Sulphate 

Calcium. ^ of Soda. ” of Lime. ^ of Soda. 

CaSO^ CaCO., , XagS04 

Soluble Soluble Insoluble ^ Soluble 

The reactions with magnesium salts are similar. 

In the first of these reactions (for w'hat is called 
temporary hardness*) the carbonate of lime is 
thrown from solution into suspension and can be 
seen as minute particles floating in the water, 
giving it a milky appearance.^ In so far as the 
reaction may be carried the bicarbonates are 
eliminated and nothing is left behind to replace 

*Temporary Hardness’'' is duo to bi-carbonates of 
calcium and magnesium in solution which are precipitated 
by boiling at atmospheric pressure, or in some cases at 
lower temperatures. 
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them. The only bar to complett* elimination is 
the fact that the* (carbonates of lime and magnesia 
are slightly soluble. 

In the s(‘eon(l reaction (for what is called per- 
mam nt hardnp.H,s*) it will be noted that a new' salt, 
sulphate of soda, is l(*ft in solution, but this is 
harmh'ss for almost (‘very s('rvi(C(‘. The matter 
render(‘d insolubh^ is again carbonate of lime or 
cari)onati‘ of magnevsia. 

Th(‘ typiccal cluMnical formulae given above are 
in th(‘ form app(‘aring in a rc'port prc'sented by 
Mr. C. R. Stronu\V(‘r, CUiief Rngim‘(‘r to the Man¬ 
chester Steam Users’ Assotdation, to his Directors 
in }1K)3. They are also to ix* found in that 
gentleman's })aper road b(‘for(‘ th(‘ Institution of 
Mechanical Engineers.t The Author knows of 
no publiccation in which the f)rinciples of water 
softening are set forth mor(‘ clearly and concisely 
than in that paper, and readers sec^king further 
information upon the subject are advised to obtain 
a copy. 

Chemical Precipitation. The student who has 
no exjwience of chemical precipitation is advised 
to study it by a simple experiment. If he should 
have available a hard water (for example London 
water) let him firstnmake a solution of clear lime 
water in the follow ing manner : Obtain a piece 

* Pernmnvnt hanbieas " i.s due to s\iIphatos, nitrates, 
and chlorides of calcium and magnesium in solution, 
being precipitated only at comparatively high temperatures 
and pressures. 

t Proceedifigs No. 4, Oct., 1903. 
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of lump lime about as Lar^e as a marblt‘, |>iit it 
into an ordinary bottle and add a fi'w drops of 
water so as to moistcTi but not to (H)V(*r it. In a 
few minutes, if the lime lx* of good (jiialitv, it will 
fall to powder, ('volving la^at. WIkmi the lime 
has fallen eomphdely, add water until the 
bottle is three-fourths full, eork, shake well, 
and put away for a f(‘w hours. 'I'ht‘re is thus 
obtained clear saturated linu' \Aater, with an 
excess of lime lying at tin* bottom. 

Now two-thirds fill an ordinary tumbler or clear 
glass bottle with the hard wat(‘r, add to it about 
one-fifth its volume of the clear lime-water, stir 
well, and observe. Probably th(‘ whole will become 
opalescent or milky. If placed in a good light and 
observed carefully it will bi‘ seen that in a few 
minutes the solid matter aggregates togetluT into 
small but easily seen floating particles, which are 
slightly heavier than water. In course of time, 
may l>e in ten minutes, may be in an hour, all these 
minute particles wdll have gravitated to the 
bottom as a white sludge, and th(‘ suj)ernatant 
water will be clear and bright and (if the arbitrary 
amount of lime water added happen to be correct) 
almost free from temporary hardness. 

An experiment, equally valuable for study, and 
perhaps somewhat easier to carf^ out, is to make 
a strong solution of common salt in tin* tumbler 
and another of silver nitrate in the small bottle. 
A few drops of the latttT added in the former 
will react, causing milkiness, due to insoluble 
jsiJver-chloride, which will clear in the same manner. 
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Natural Sedimentation. The part played by 
natural sedimentation in modern filtration does not 
seem to b(‘ a[)pr(?eiated sufficiently by many 
authors who ha\'(‘ written upon the subject. The 
auflior, whil(‘ (‘iigaged upon this manuscript, 
quite aeeid(‘ntally (^ame across a paper read by 
Dr. .John 8. Owens before the Royal Geographical 
Society in 1911,* describing fully a most inter¬ 
esting n^sc'areh u})on th(‘ subj(‘ct. His investiga¬ 
tion was directed mainly towards the behaviour 
of suspended solids in rivers and streams, and the 
effects in silting up estuaries and the like, but the 
experiments with different materials and the 
tabulated and graphical representations thereof 
cannot fail to assist those interested in filtration. 

In the examples given in the preceding section, 
the precipitates- calcium carbonate and silver 
chloride—arc> of fairly high specific gravity and 
will, in course of time, settle down to the bottom 
of the vessel, but this is not the case with all 
suspended matter with wffiich one may have to 
deal. River w-ater, for example, is sometimes 
found to carry clay and mud so finely divided 
and light that, if left stagnant in a vessel for days, 
it will not precipitate. A common example in 
industrial practice is the softening or purification 
of water from the^Hcondensers of steam engines in 
which there is oil in emulsified condition. 

The experiment in softening, previously des^ 
cribed, carried out upon a hard w^ater of this’oily 
nature, is one deserving careful study, as it is 

♦ Proceedings, Vol. xxxvii, No. 1. 
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typical of many j)henomena occurring in practical 
filtration, llic carbonate^ of lime pi*cci]uf cate will 
appear as in tlu? ease of the ek^ar wattT, but there 
is strong mutual attraction b('tw(‘(^u the mineral 
particles and the miiiutt' globules of oil wfiich 
therefore })eeomc' attac^lu^d to ('aeh oIIkm*. Often 
this amalgamation ])rodii(^es a combination which 
is lighter than watcM- and which, inst(‘ad of falling 
to the bottom of thc^ vc'issel, rises and forms a 
scum on the surface*. If in any parti(adar ])j c)blem 
of filtration su(;h behaviour (;an be for<^s(‘(jn by 
experiment it b(H*om(^s of great assistance* in 
designing ))lant. 

Coagulation. Tht^ obtaining of a preeipitatci or 
filtrate of tractable nature, or, to us(^ the term 
commonly emi>loyed, cofigulatlon, is of vital 
importance as a preliminary stfjp towards satisfac¬ 
tory filtration in many instances of public or 
industrial supply, and one may advantageously 
explain at this stage the various means adopted. 

(1) In the case of a hard or softened water 
carrying very finely dividend ari*l light mineral 
matter in suspension the addition of a precipitant, 
for example alumino-ferric, sulphate of alumina, 
or copperas, with sufTicient alkali in the form of 
lime or carbonate of soda to A^act with it, will 
result in the formation of a heavy and flocculent 
precipitate which, during sedimentation, carries 
down the lighter matter. 

(2) In distilled surface-condenser wattT con¬ 
taining oil or grease in emulsion, so finely divided as 

2H5395} 
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to l)c beyond the power of any purely mechanical 
filter to n^niove, treatment with similar precipitants 
will form an artilicial precipitate which, attracting 
and ainalgarnatiiig with the oil globules, becomes 
reaclily filterable. 

(3) In water from wells, streams, or lakes, 
M'hich r(‘(|uire.s filtration for public domestic use, 
there is found highly deleterious matter of animal, 
vegetable, and minc^ral nature so minutely divided 
as to defy filtration by any purely mechanical 
straining ac^tion. Siudi matter may be coagulated 
by slight additions of such reagents as are mentioned 
above so as to be capable of interception in passing 
through the interstices of, say, a bed of sand, or 
as is more general, to form a semi-irnj)ervious film 
upon the surface of the sand—the extracted matter 
thus becoming tlie true filtrant. 

(4) Matter of the lightest and most finely 
divided nature, having once precipitated as a 
sludge, generally acquires increased density so 
that, if agitated or blown up into suspension again 
by steam or compressed air, it will deposit more 
rapidly. This effect increases if the operation be 
repeated, and, if several volumes of water be 
successively treated in a given vessel, the clarified 
water being decanted off but the sludge allowed 
to accumulate, laige volumes of old sludge being 
ultimately blown or stirred into newly treated 
water lead to very rapid precipitation of the whole. 
The effect is indeed analogous to a moving filter- 
bed traversing stagnant water and dragging down 
from it the lighter suspended matter. This action 
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is utilized very beautifully in thcv well-known 
Arohbutt-Deeley process of water softening, and 
again in the highly promising “ activatc^d sludge ’’ 
system of sewage purification. 

The Activated Sludge Process. In tins process 
successive volumes of scwag(? are allowed to chiposit 
their suspended solids in open tanks until a con¬ 
siderable depth of sludge has accumulated. New 
sewage is run in and compressed air is introduced 
at the bottom through porous tiles, blowing up 
and keeping in suspension the old sludge and 
maintaining the necessary conditions of aeration. 
When the initial clotting effect is completed and 
the bio-chemical agencies have played their part, 
it is found not only that the old and new suspended 
matter settle very rapidly but, also that a very 
considerable degree of chemical and biological 
purification has taken place without th(^ addition 
of any reagents. The sludge, as it accumulates 
in excess of requinmients, is drawn off and, 
when de-watered and dried, forms a most valu¬ 
able nitrogenous fertilizer uncontaminated with 
deleterious chemicals or excessive grease. 



CHAFTEH II 


ruySKJAL ACTION 01*' FILTERS 

The words “ fi'tcr ” and “ filtration,” like many 
other words in applicid science, are used somewhat 
slackly, and convey dilT(*rent ideas dependent upon 
the nature of the duty of the inomcut. 

Refei'cnce to a dictionary discloses the definition 
“ FILTER, (v.) To cleanse from impurities by 
straining” This perhaps correctly conveys the 
layman’s conception. It implies that the 4-inch 
grating fitted at th(! intake of a hydro-electric 
station to retain chunks of wood and like detritus, 
is a filter; so is the fine muslin or wire gauze used 
in the kitchtm. The engineer and chemist will 
agree, but will pn^fer to describe such media as 
strainers or sieves. To them, filtration means, 
in many of its applications, a great deal more 
than mere straining or sieving. 

In Chapter I, w'c have endeavoured to outline 
briefly and generally the behaviour of suspended 
matter in water; to show how, in clarification, 
much dejicnds upon the physical nature and 
density of the floating particles. We have stated 
that, in softening«watcr in a tumbler or beaker, 
the period of sedimentation may be from ten 
minutes to an hour. Some suspended matter met 
with in practice is so finely divided and so nearly 
equal in specific gravity to the liquid in which it. 
is suspended, that it will never precipitate. 

10 
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The word “ colloid '' (another word which hai? 
lost its original nii'miing and is often used slackly) 
comes near to conveying th<' corrc'ct conception 
of this class of matter. 


Filtration by Subsidence. U i us (onsider what 
happens in an ordinary s(‘(lim(^nlation tank (Fig. 
1). Water carrying suspended matt(T enters 
this long tank (of large cross s(Kdiona1 area) at A. 



Fia. 1.- -Ir.u;sTiiATiN'f.; A(moN' of Si:j>imj!:ntati»>.v 
Tank. 


At B there is a diafihragm, lattice, or othtT device 
to act as a means of distribution and of destroying 
the effects of any currents or eddies set uj^ by the 
inflow, so that thc^re is a steady and v(‘ry slow flow, 
approximatidy horizontally^ betwc^cm B and C. 
The surface-intercc})ting dia|>hragm at C prevents 
scum from getting ac(!(‘ss to the outlet pipe D. 

A particle of sus|)ended matter X, heavier than 
water, is influenced by two forces, the momentum 
of flow x^, and gravity a? 2 , under which it will 
assume a course indicated by (say) settling 
down finally upon the bottom of the tank. 

On the other hand, a particle, Y, lighter than 
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water, will be influenced also by ^the momentum 
of flow ?/,, but will wish to float in the direction, 
^ 2 * a-nd will therefore move in the direction, ^ 3 , and 
appear finally as scum on the surface of the water.. 

It is obvious that, if there be a difference in 
specific giavity and if the current velocity be 
sufficiently low, w(^ can thus eliminate matter from 
suspension in a liquid. It is also obvious that, 
the shallower the tank (always assuming the 



I... 

Fr(i. 2. -VVan'klvn’k SunsmKKrf; Filtei?. 

velocity of current is not increased) the earlier 
will the particle reach the bottom or the surface. 
By this line of reasoning we reach Wanklyn’s 
Subsidence Filter, a simple and beautiful con¬ 
ception upon vhich, in principle, most modem 
filters may be considered as leased, and which has 
inspired almost innumerable inventors of apparatus 
for accelerating liie clarification of liquids. It is 
illustrated diagraramatically in Fig. 2 , and is thus 
described in Wanklyn’s own words : 

When softening water we obtain a precipitate of finely 
divided carbonate of lime. If this operation be con¬ 
ducted in large glass vessels (three to four gallons) we 
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can watch thi^ process of depositing tlie precipitate. 
If wo do so, we shall observe that the first sign of clearing 
takes place at* the top, a layer of quite cb-ar water making 
its appearance, and gradually exttMiding downwards. If 
we ask how this water has become clear, the only answer 
that can bo made is, that th(> X)recipilate has mo\'ed down 
to the layer of water beneath it, a.nd thereV»y n'ndered 
that layer thick; for had the preei]»itale not <le.scended 
into it, it would, like the top Ijiyer, have he(?ome clear. 
In the same way, the se.c()nd layer, by its depositing, 
renders that beneath it turbid. If such a \ cssel of water 
took six hours to clear, wo should c'xpt'ct that by dividing 
it into six layers by moans of five ilia]>hragms, equidistant 
from each other and from the to]) and bottom of the 
water, the water would clear in one sixth tho time, or 
one hour. On making tho ex|»('rinw‘nt this is found to 
bo the case. To tost this matter more fully, what may 
be called a “ suVisidencediller ” was constructed. It 
consisted of a wooden box 12 ins. square and 20 ins. deep, 
containing 24 jilatos of she<‘t zinc J in. apart. Each plate 
had six holes jninclied in it 1 in. in diameter. Tlie holes 
were near to tho side, and liad their edges t.urned up a 
little ; the plates were so ai rangerl 1 hat the holes were 
not opposite each other. A .small, tap came from just 
below the lowest plate. Aiiotlu^r box like this, hut with¬ 
out plates, was also const ructcfd. Both boxes were 
charged with freshly softened water, containing chalk 
suspended in it. The water look about eight hours to 
clear in the box witliout lh<‘ yilates, and was (piito clear 
in the box with the plates at t lie end of about twenty-live 
minutes. This box of plates was lu^xt us('d as a filter, 
by sending a slow st w^aiu of water charged with suspended 
chalk through it. About eleven gallon.s an hour of quite 
clear water could bo drawn off. If the speed was increased 
much beyond this, the water was no longer clear.” 

The obvious practical defect in tliis a])paratus 
is the fact that accumulations of sludge will 
rapidly appear upon the shelves, and, at an early 
stage, it must be stopped for cleaning. Also it 
is only effective, as regards water, for X)recipitate8 
having specific gravity higher than unity. By 
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no strotoh of imagination can sutsh a filter be 
classi»(i as a sieve or strainer. 


Filtration by Straining. As a first example of 
filtration })y sieving or straining, let ns consider a 
piece of square wir(> nu'sh. If there be passed on 
to this a euiTent of liquid containing suspended 
|)art.ieles, any ]>arti(^le^ larger than th(». mesh ^vill 
be n^tained. Somc^ small propoi’tion of smaller 
particles may also Ix'conu* Avedgenl or interwoven 
and h(' retained, but the l)ullc of the smaller 
particles will pass through. 

Another example' may be tak(^n, representing a 
(kxq) strainer or sieve, It^t us say a box with open 
top packed with billiard balls (Fig. 3). Here 
again, between the balls, we liave thoroughfares 
of symnK'trical form, and ai\y susj)ended matter 
smaller than these thoroughfares may be expected 
sooner or lak'r to find its way through. One should 
not, however, lose sight of the fact that irregularly 
shaped or rough i:)articles interfere and wedge 
together in such a strainer so that one might 
expect higher efficiency from the nest of billiard 
balls than from wire mesh with interstices equal 
to the minimum thoroughfare. The smooth 
surfacc^s of the l)alls will offt'r no appreciable 
surface obstruction 

Filtration by Cfombined Straining and Sub¬ 
sidence. Let us now consider a filter in all respects 
similar to the nest of billiard balls except that 
lumps of broken coke or clinker of approximately 
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the same size'as billiard balls are substituted, 
(Fig. 4). ftistead of smooth and symmetrical 
thoroughfares we now have irregular passages 
presenting ragged and sharp \\'alls to the Pquid, 
and instead of approximat(*ly cf)nstant velocity 
of current through all the interstices thvrv are 
local eddies, periods of stagnation, and occasionally 
^)erhaps mom(?nts of acc('leration. It is not 
difficult to grasj) tlu^ analogy hetw eon the behaviour 
of turbid liquid passing through th's and through 
the Wanklyn subsidence filter. Sus])end(Hl matter 



Fio. 3. -Stkainivu Fkj. i. —Stkaimno Kii/i'Kit 
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larger than the int(‘rstices will be retained by 
sieve action. During short eddy and stagnation 
periods finely divided matter heavier than the 
liquid will fall; mattcu* of light nature will rise. 
In either case it will come in •contact with the 
sharp porous surface of the medium and, providing 
that the velocity of flow be regulated suitably, 
it will adhere thereto. 

This then may be regarded as a true filter. 
It is a sieve or strainer, and something more. 
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The efficiency will vary with th. depth of bed 
and inversely with the velocity. 

It has secnied well to describe this apparatus 
primarily in rough form, but, with the exercise of 
a Kttle imagination the analogy between the 
billiard balls and coke on the one hand and smooth 
or sharp fine sand on the other is readily grasped, 
and may be earri(Kl still further to the porous 
cartridges of the charcoal or “ Pasteur ” domestic 
filters. All these media act first as strainers to 
intercept particles larger than their pores or inter¬ 
stices, and they subsequently provide innumerable 
minute chambers in which se(lim(^ntation of the 
microscojric particles may take place. 

Deposited Matter Assists Filtration. Before con¬ 
cluding this section dcialing mth the purely 
mechanical and physical phenomena of the 
filter-bed we may l)riefly allude to another feature, 
often turned to good account. It may be taken 
as a general fact that old precipitate which has 
settled out from a liquid tends to attract and hold 
new and finer matter of the same nature. Also 
that slimy matter adhering to the walls of filtering 
media tends to assist in abstracting further matter. 
Generally, therefore, within reasonable limits of 
“ building up qjid velocity, a filter improves in 
eflBlciency as it continues in action, and the time 
limit of most filters is only reached when the head 
or pressure required to force the liquid through 
becomes excessive, 



CHAFIMOR in 


CHKMICAL AND BAOTHUIAL ACTION 
IN riLTRATION 

Adsorption. So far Ave have ivganlwl fUtm as 
having only mechanical or physical jirojjerties 
of clarifying liquids from sus|)endc(l matter by 
sieving and internal sedimentation. Their applica¬ 
tions extend, however, considerably beyond this 
point and, in many serviiies, certain types are 
utilized to produce important chemical and 
biological changes. One of the filtrants best known 
in this connection is charcoal, particularly animal 
charcoal. This substance is used in many indus¬ 
tries, notably the sugar industry, for removing 
organic discolouration, and is effective in elimina¬ 
ting bad tastes and odours, and many vegetable 
and mineral poisons. The action, which is by no 
means fully understood, is defined as “ adsorptive ” 
rather than chemical action. The ordinary sand 
filter has similar and useful action in removing 
ammonia and other dissolved organic impurities 
from water though not to the same degree' as 
charcoal. This physical or §dsorptive function 
must not be confused with the biological activity 
of “ ripened ” sand filters. 

•Bacteria and Vegetable Growths. The elimina¬ 
tion or reduction of bacterial contamination is, of 

n 
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course, one of the most important flinctions ot tne 
large filtering plants iiscxl in connection with 
public water su])ply. it is a subject of wide 
importances and one on Mhich a fc'w notfjs must 
be ^ven as a prelude to the d(‘Scription of various 
types of installation. 

Bact(*ria are microsco])ic living organisms, and 
are of infinite variety. Some, for example the 
typhoid and cholera gcTins, «are most dangerous to 
human life ; others are useful in that they 
destroy harmful types. Broadly s])c'aking, due 
to their very minute size, no ordinary medium can 
be expected to retain thenn by sieving. A well 
known authority states that clean sterilized sand 
has no power of germ interc(‘ption. 

The mor(5 harmful tyjx^s of bactcTia are fre¬ 
quently destroyed by prolongcxl storage of water 
before final filtration ; it is said that three weeks 
storage of riv(^r water before filtration will ensure 
entire freedom from the typhoid bacillus. On the 
other hand bacteria, if not removed during the 
process of filtration, will pro])agat(^ at an enormous 
rate in pure w-ater, but fortunately this applies 
chiefly to harmless kinds. 

Water which is at all subject to vegetable 
growths (generally described as Alga^ deteriorates 
rapidly under storage, particularly if stored in 
daylight. In underground reservoirs deterioration 
is leas marked. Such vegetable growths are 
frequently checked by preliminary dosing with 
copper sulphate in very minute quantities 'or 
(as is becoming more popular) with free chlorine. 
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Unstable nrtrogcnous organic inij)urities arc 
converted iilto harmless nitrates, during filtration 
in the presence of oxygen, by ])acteria known as 
nitrifying organisms, wliich are said to act as 
catalysts, or conveyors of oxygen to transform*the 
organic ammonia first into nitrites and then into 
nitrates. Pat]iog(*nic bac^toria, for example the 
cholera bacillus, are destroyed during filtration by 
elimination of llu) organic matter upon which 
they fecid. 

Elimination of Germs. Apart from preliminary 
storage, chlorination, or like means, there may be 
said to be two distinct methods of eliminating 
deleterious germs in the process of filtration : 

(1) In slow filtration systems by setting up, 
within the bed, conditions under which organisms 
are either self-destructive or starved. 

(2) In rapid filtration systems by a self-forming 
film on the surface of the bed (often artificially 
coagulated and of a more or less gelatinous nature) 
which is able to sieve out and retain even the most 
minute organisms. 

Artificial Filtrants. There are, in addition, 
artificially prepared filtrants which operate 
chemically and bio-cheraicallyi An example is 
“ Polarite,” a porous compound of iron, silica, and 
magnesia, which occludes oxygen in a form 
apparently more readily active than atmospheric 
oxygen. “ Oxidium,” said to be a distinct 
improvement upon Polarite,*' is composed of 
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silicates of lime, alumina and magnesia and iron 
oxide, and is the actives material in the Candy 
filters described in Chai)ter V. 

I^everting to mineral purifications there has been 
discovered r(‘eently a most interesting process 
known as the “ rermutit ’’ process. The filtrant, 
described as an artificial zeolite, and prepared by 
fusing tog(‘ther proportions of silica, alumina, and 
sodium oxid(‘, is drowned at intervals in a strong 
solution of common salt. If, then, the salt solu¬ 
tion is I'un off and water, hard due to salts of 
lime and magnesia in solution, is passed through, 
the whohi of t he hardness is removed. Unfortu¬ 
nately for many ])ractical juocHvsses, if the hard¬ 
ness be “ tem])orary ” fre() carbonate of soda is 
left in solution, and this limits the application of 
the principle to a comj)aratively few practical 
duties ; but for any proec'ss involving the use of 
soap, laundry Avork or wool scouring for example, 
it has proved of great utility. The zeolite loses 
its softening power after some hours of action, 
but may be re-vivified indefinitely by periodic 
drowning in the salt solution. 



CHAPTER IV 


IN D USTRIAL FILT RATI ON 

It is proposcjd in this cliaptei to describe briefly 
methods and ap|)aratus us(m 1 in works, having water 
filtration chiefly in mind, and ignoring for the 
moment such bactx’^rial and organic impurities as 
would be considerc^d harmful in the manufacture 
of foodstuffs, beverages, etc. In other words, the 
present chapter is conccuiied only with the removal 
of visible suspended solids. 



Fig. 5.—IIolgh Fir/ntATiox nv Ikhkoulab 
MaTEKIAT. KETWKEN I’kIIFORATKD OiAniKAGMS. 


Sometimes the roughest filtration only is required, 
obtainable, for example, by the insertion of a 
grating or screen across the inflow channel. A very 
common means of rough filtratHftn is to jilace two 
vertical metallic screens or perforated diaphragms 
near together across the channel and to fill in the 
space between them with coke, cinders, shavings, 
or any such rough and irregular material as will 
pack loosely together (Fig. 5). 
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If the cross sectional area of the channel be not 
increased -that is to say if the velocity of flow 
be considerable—this procedure amounts only to 
rou^h sieving. 

Cloth Filters. Textile fabrics are frequently used 
and are inorc^ or less efficient, dependent upon their 
nature and the conditions under which they are 
aj)plied. For example, (cotton cloths or cocoa-nut 



Fk;. C. ("loth Stuainkks on Ukakivahle Frames. 


matting may be stretched over timber or metallic 
frames and mounted across a channel in the 
manner described in the preceding paragraph. 
They then opc'rato merely as sieves, the limit of 
their extractive powers corresponding with the 
closeness of the* weave. Sometimes in rough 
cloth-filtration of this kind the carrying frames are 
made to fit into slides in the channels and several 
spare frames are provided, so that, when one 
element is clogged, it may easily be lifted out and 
replaced with a clean spare element (see Fig. 6). 







JNDUSTRIAL FILTRATION 


23 


A very uselill variation of this system of 
“ cloth sieving ” is to siibsiitule for flat frames 
perforated cylinders round \vhi(*h cloth or felt is 
loosely sewn or tied Suc^h cylinders make joint 
by their own weight with outlet branches below 
(Fig. 7), and can (juite easily b(‘ nunovinl and 



Kfts. 7 .—Pekkokatki) (’vi.injjkus rAititviN^i Filter 
C’ l.OTM OR Fkf.t. 


replaced as they beconKj fouled. Th(?y excel the 
flat frame method in that they permit very large 
filtering area within a small space and can be made 
light and handy in relation t§ their effective 
area. 

Filter Presses. A well known and useful 
application of cloth filtratiop is the filter press, 
extensively used in chemical and like works and 
in sewage purification. This apparatus in its 

8—(5395) 













Fig. 8.—Horizontai. Filter Press. 
[By ftlanSove, Alliott A Co., Xottiaghain.) 
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simplest forin e()mj)ris(\s a large number of metallic 
plates specially shaped, serrat(‘d, and designed 
to slid(i on bars or rails in a strong framework 
(Fig. 8). Between each pair of ])lates (Fig. 9) {ire 
placed })i(‘(^(‘s of woven fabrics' and the whole 
battery of platc's and cloths is (dam])ed tightly 
together by a ])ow('rful s(a*(‘w or by li vdraiilic! ram 


C n o A 
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rFocd iiiU't, C*—Air Oull<‘1. 

U—Wft«h watrr T) -Wasli uatt-r 

K for nilratf. 

so that the cloths make tight joints at their edges 
but present ch^ar space within thcr fram<‘S. 

The liquid or .sludge to be treated is pumped 
through orifices provided in the frames, often under 
considerable pressure. The solid matter is retained 
by the sieve action of the closc^^ woven cloths, 
while the liquor escapes and drains away. When 
the full capacity has been dealt with, the pressure 
on the plates is released. The jilates may then be 
separate and the cakes of sludge may be removed 
from the cloths and conveniently handled. 
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Fr(‘(|ijc*nlly the function of the filter press is 
the converse* of that of the normal filler, that is to 
say to obtain iti convenient form valuable sus- 
])<mk 1(‘(] matter, tlu* liquor (expressed being useless 
and run to waste, filter ])r(*sses and apparatus 
of analogous nature* are also used largely in 



Ffc. la.. Vi:kti( Ai. Kii.THif Tukss for 

Ski;|) e)ii- HxritKssioN. 

(liy Mniilovr, Allintf iV e'o.. Lid., Xottinjihiiin.) 


expressing ben*!’ from yeast and e)iLs from seeds or 
animal fats, in Avliich case* beitb the cake and the 
effluent are* valuable* products. Fig. 10 shows a 
cage-type filter ^j^press, wit h rolls .and heating 
kettle alongside, fe>r eiealing wdth oil-bearing 
seeds or nuts. 

There are many modifications in the details of* 
filter presses, (jhitffly concerning the design of 
plates and arrangement of cloths. Frequently, in 
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ohemical indiisirv, tiinbor ])lal(‘s fii*e substitutofl 
for metal to*withst:aM(i a(*i(l aiid alkaliiu^ ac’tioiL 
teak or pitch-pine bc'in^ if(MUMally (‘luploycd. In 
such processes, jiartieularly mIkmi the sliulg(^ (;ak(‘. 
is a valuable ]>rodiK*l. s(Tral(‘d ])lat(^s and opc'ii 
frames alternate, with el(»tlis bidwt en ( aeh ])lale 
and frame, so that the cake is obtained of (* 011 - 
venient form and thiekiu'ss. Again, by forming 
suitable ports and o|K‘iiings in the plates and 
frames, arrangements can b(‘ made wlitTeby, aft('r 
formation of the cake but hebu-e its rek'ase, 'wash 
'water or other sf)lv(*nt licpior may be fon^CMl 
through with tlu^ objects of <*l(‘ansing the cake or 
dissolving out (‘iilrained matter, h'ull details of 
these many ingenious d(‘vic*(‘s cannot b(^ given in 
this book but th(\v are gc'iierally \v<*!l described in 
makers’ catalogue's. 

Feed-Water Fillers. Still another application 
of the filter cloth is common in apparatus us(Ki 
largely on steamshi])s, for the jiartial ('limination 
of oil from boiler f<'(‘d-water. This is again th<^ 
application of the perforat(*(l (loth-surrounded 
metallic cylinder but, as tlu‘ ojx ration is ix'iformed 
under high pressure b(^tw('<‘n the* b'Cfl pumps and 
boilers, it is essential that the filter chamber shall 
be of small dimensions to avoid flang(?r of bursting. 
Therefore it is imperative for (‘llieiency that the 
maximum possible cloth area sliall be presented 
within the minimum possible spae<*. Fig. 11 
illustrates in section one of these filters, with 
serrated cylinder grids, but this is only one of 
the many forms which have bccui patented, the 
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objects b(ung to obtain the inaxinfam area and to 
facilitate renc\A'al of the cloths. 



Fi«. 11.--lli(*ii-JMtKSsuitic Fkkh-watkr Filter. 
(Jiy Glasgow ratciits Co., Lttl., Glasgow.) 


Generally, cloths stretched tightly over, grids 
can only be regarded as strainers for suspended 
solids. In these feed-filters we have not to deal 
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with solids 1 ) 11 # with a foreign and non-soluble 
liquid (oil) in suspension or emulsion. As a rule 
flannel or Turkish towelling is used as iiltcring 
medium and, wdiile it cannot be reli(‘d upon to 
remove all traces of oil (wliicdi would only die 
possible following chemioMl coagulation 1 th(M’c is 
no doubt that tlui rougli fibrous surface of such 
media docs exercise a piiculiai- attractive preference 
for oily matter, and that filters of this type of 
considerable value in long voyages. They can bo 
partially cleaned without ojX'ii'ug l)y isohatiiig 
with the valves shown, injecting soda, and steam, 
and blowing off the sludge. 

Upward Filtration. When iIkj eflicieney of a 
filter must depend largely u])()n lh(‘ “ internal 
subsidence ” principle (p. II), that is to say when 
the medium of w^hich the filter bhd is com[)osed is 
so coarse in relation to tlie suspended matter to be 
filtered that but litth? sieving action is to be ex¬ 
pected, there is little doubt that tht* Ijcst results arc 
obtained when allowing the whUt or otlu^r liquid 
to rise slowdy through the bed from beloAv. Thus 
for many classes of suspended impurity, for rough 
industrial work, and j)artimilaiiy following water 
softening, the simple coke or clinker filter shown 
diagrammatically in Fig. 4 is exccj^lent. Deposition 
of the light suspended matter takes place in the 
numerous pockets and iiderstices formed between 
the lumps of coke, and we have the Wanklyn 
subsidence theory exemplified very i)erfectly. The 
condition essential for satisfactory work is that the 
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speed of flow' shall be reasonably ^low. With the 
fine chalk sus|)ciLsioi]s in newly-sbftened cold 
w'at(T rates of risc^ of fiorn 30 ins. to 120 ins. per 
hour (calculated upon the gross area of the filter 
chUinber) give good results. This is about equal 
to fi'oin 15 gallons to (K) gallons pt^r sq. ft. of filter 
chamber arc^a })er hour. 

A filter of this class will intercept and hold a 
large amount of suspimded matter before requiring 
cleaning, and, up to a ciTtain point, often improves 
in efficiency as it becomes fouled, due to the attrac¬ 
tion w'hich old pnHji|)itat(' exercises upon new 
suspended matter. When cleansing becomes 
necessary, that is to say when the interstices are 
so choked with sediment that the velocity through 
the rcHtrioted passages tends to disturb the earlier 
accumulations, such a filter may be cleansed 
effectively by lov\'ering the water It^vel below its 
base and turning a lioscj-pipe upon it from above ' 
with considerable foice. It will readily be under¬ 
stood that a filter of this upward-flow class using 
a medium of finiT nature, sand for example, is 
hardly practicable unless one is prepared to renew 
the bed every time it is fouled, as such finer material 
cannot be washed out from above in the manner 
described. 

A medium coi^inonly used in industrial filters 
of the upw'ard flow' type is wood wool (fine timber 
shavings). Its one and only claim is initial 
cheapness. The shavings are difficult to* pack 
symmetrically, and are apt to become pulpy and 
to settle down in dense masses locally, with 
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thoroughfares cS excessive size els(*\vhere through 
which the Tiquid sliort-circuits rn]>i(lly without 
deposition. Tlie shavings cannot lx* washed down 
with the sainc'^ (dliciency as cok(^ l)y means of a 
hose-pipe, and th(‘ir removal, if llu* sediment*be 
of at all an offensive natun^, is an o]>eration of 
the filthiest descri})tion. 

On the othiT hand, cloth fillers may be used 
with great advantage and ctlicieiKiv in upward 
filtration, and, if tlu'ir o])erati()n were better 
understood, then^ is no doubt that their employ¬ 
ment would be wid<‘lv exty(‘nded. When mounted 
vertically on gratings, cloth lilti^rs can only be 
regarded as strainers, but wlu^n mounted horizcjn- 
tally across the course of a slow vi'itical current, 
their behaviour is (juite diffenjnt. In the first 
place they will of course direcdly intercept matter 
larger than their pores but, with many classes of 
suspended mattei’, a further phenonu^non ensues. 
Smaller and lighter particles actually get through 
the pores but settle* down and build up upon the 
upper surface like smjw on the ground. After 
a few hours’ operation this settled matter becomes 
itself the true filtrant for finer sediment, and, 
always assuming that the rate of flow is not 
.excessive and that the suspended matter is of 
suitable class, the degree of eflic»ncy obtainable is 
remarkable. 

Such filters are advantageously arranged as 
shown in Fig. 12. Metallic frames, lightly designed, 
have the filter cloths roughly sewn over them and 
are placed over openings in a timber frame mounted 
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within the filter chamber, making joint by their 
own weight. The liquid rises through the cloths 
at low speed (say, from 30 ins. to 60 ins. per hour). 



After the filter has been in use for an hour or two 
(depending, of course, upon the amount and hature 
of the suspended matter) it will bo found that a 
film of gradually increasing thickness forms upon 
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the upper Hurmcu and becgmcis itself a most 
effective filtering medium. In course of time, 
the cloths becouK^ so clogged Avitli de|K)sit that 
they tend to l)ulg<> ui)\\ards. Tht'ii tlie frames 
are removed onc^ by one, at intervals in the oitler 
appearing iiecessarv, and spare (;lotli-frames are 
dropped into their phujes. It is not usually 
necessary to reiunv the actual dotlis for long 
intervals as, by drying and l)oating theni, all the 
solids are shaken oil* and t hey ai-e ready to be used 
again. 

Downward Filtration. Ojmi Filler Beds. For 
industrial scu’vicc, which av(; may for convenience 
regard as the nmioval of visible susptuided matter 
from water or other li(pnds, without regard to any 
chemical or adsorptive change of condition, the 
open sand filter is larg(‘ly used. In this sphere of 
utility it is to bt? regarded only •■»'« sieve or 
strainer, for, if matter in suspension is not retained 
on the surface, it is hardly likely to be intercepted 
at a lower level. 

Open sand filter beds are frequently constructed 
of very large area for removing fine suspended 
matter from incoming w^ator and also in connection 
with the removal of deleterious solid and (jolouring 
matters in trade effluents but, the latter duty, 
som9 chemical tr(*atmcnt must precede filtration, 
to thrown dissolvcnl impurities into suspension and 
filterable condition. 

The general type of all such filter beds is 
indicated diagrammatically by Fig. 13. A 
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shallow tank with cojKTctt^ or cement bottom, often 
channelled to ensure gcttin^< the c'lcar effluent 
away, has laid down tluTcion means of collection 
over the w^holc area, for example earthenware 
pipes witli open joints, bricks or tiles laid close 
together ])ut uneemented, or perforated pi|>es. 
These ani c^overed w ith a bed of coarse material, 
for (‘xamj)le coke, grav<M, stone ehippings, saggars 
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or the like, graded to pass a comparatively large 
mesh. Above thisjs a level bed of fine sharp sand 
or crushed quartz. In industrial work it may be 
said that the thicknesses of these zones of material 
have little or no effect upon the filtration. It is 
the fine material the surface which provides the 
extractive action, the (joarst^r material below 
merely acting as a support or carrier for it. The 
depths of the filtei*ing, carrying, and draining'zones 
therefore are determined chiefly on maintenance 
considerations, that is to say to prevent the fine 
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sand or quarts from finiling its way in undue 
quantities into the interstiet's’of the eoarser zones 
below. 

A mosl important point in ivorking fitftrs of this 
class is that there shall always he a rxynsiderahle depth 
of uxiter above the bed. This is primiirily nec^essary 
as a means of forcinji the water throu^li, but 
there is a second and very important reason, 
namely, that working with tliin beds th(^ cascade 
of incoming water must hav(' no effect in disturbing 
the sand surfaci*. It is (*v(?n advisable, if practic¬ 
able, to fill u]) th(‘ filter in the first instance' through 
the outlet orifie(\ and it is gotid praetie**, if con¬ 
venient and not too cosily, to airang<‘ that (^lean 
water may bc' {lunqu'd tlu* rev<'rst^ wav through 
the bed for ck'aning, as will Ix' ex]»lained here¬ 
after in connection with raj)id filtc'is. Filters of 
this class an* ediicitmt for ('xtraeding all but the 
finest mineral and vegtdable rnatt(‘r suspended in 
liver, stream, and surface su])])li('s, the deposit 
being retained generally upon the surface' of the 
sand. As it forms a film on the surface the 
efficiency increases, but conv(*rsely the flow 
decreases. Sometimes, howevtT, suspended matter 
.is so finely divided, so nearly approaching the 
colloidal state, that it will find its way through the 
finest sand or crushed quartz.# llieii one must 
resort to preliminary dosing by some coagulant, 
as described in Chapter T, to })ut it into filterable 
condition. 

The output capacity of filters of this class will 
naturally vary with the head of water and the 
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degree of clarificatioTi aesirod. Suitabl^e heads range 
between 1 ft. and 3 ft. measured from the water 
level in the bed to tlic level in the clarified water 
tank, and tlie latter level should always be abpve 
the level of the sand, or oth(‘rwis(‘ the latter might 
be left ban'. 

Eor fine filtration, speeds through the bed are 
kept as low as fi ins. per hour (equal to gallons 
per sq. ft. pc'r hour) but, on the other hand, 
speeds of 20 ins. or even 30 ins. j)er hour are 
frequently ('inployed for, as a rule, ground space 
is valuable in the* neighbourhood of factories. 

When so fouled that they will not pass their 
quantum of water, these' lilter-beds are cleaned by 
raking off the txq.) surface and re-levelling, as 
required, with clean sand. Filtt'i* beds of this 
class are, as a ruh', designed of large superficial 
area. It has been stated that almost all the 
suspended matter which no(?d be extracted is 
intercepted at the surface and that the depth of 
sand, gravel, and the iike genej’ally provided, 
often 3 or 4 ft., is necessary only because of the 
practical difficulty of maintaining evenness of 
distnbution over a large area. This point was 
brought home forcibly to the aufhor some years ^ 
ago and led him to design and patent a sectional 
form of open filtfi*. This form has been applied 
to many watc>r softening plants with conspicuous 
success and would probably prove superior to the 
large-area bed for general open applications. A 
short description therefore is given. 

Sectional Open Filter^ The total filtering area 
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is divided intoTiong channelsi usually 2 ft. wide, 
3 ft. deep (rectaugular), and 4*ft. deep to extreme 
bottom of prismatic iS(?(jtion {see Fig. 14, which 
represents in j)crspectiv(> tlu^ top of a watcr- 
softtMiing plant, witli thn^o such channofs). 

Near to the bottom arc mount(‘d colK^cting pipes 
a, perforated on the under side, wJntOj i)ass out 
and discharge iilten^d water through tlie valves, 
61 , 62 , 63 . At short intervals at the 3 ft. depth, 
stretcher bars c are mounted wliieli supjiort 
metallic plates |ierforat(*d with fairly large holes, 
and which act as tlu* eai’rier ff>r cocoa-nut matting, 
d. This matting a( 4 s in turn as the su|»port. for 
the filtt^r bed ])ropi'r, c, which may b(‘ of line sharp 
sand, crushed quartz, or any mat(Tial selected as 
suitable for thc^ j)arti(adar susj)en<led matter. 
Penstocks, /iJoJ.'t* n'<*^”dcd at the far (md, 
slightly above the normal working water level ; 
9 v 92^9 s entranc(' sills. 

The turbid water rises through |)n‘liminary 
mat roughing-filters such as ar<' desci‘ib(‘d in 
Fig. 12, which n'st upon the timlxT framework I, 
This rough-filtered water flows over tlu^ sills, 
9iy92i93> which are about 12 ins. higher than the 
sand surface. Practically all matter in suspension 
is retained upon the surface of the sand, and the 
clarified water percolates througlirfhe l)(?d, finds exit 
through the collecting pipes, «, and is discharged 
through the boxes, These boxes constitute 

a device whereby, by setting th(> inpes, m, at a 
^correct height^ a predetermined minimum head 
ci over the sand may be ensured : that is 



removed to 
show valve 



Fig. M. -{SKCTU).v\L-Tyi»K Otkn Sand-filter. 

This type of filter eaii l>o elojinseii (juU kly witliout interrupting, 
operat ion ami may therefore hfi of much smaller area 
than ordinary open tilter beds. 
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to say th(* level*'/?, is usually 1)1 ills, to 12 ins. above 
that of the %ind, so that trie lattiT can n(‘ver 
be iiiicovcTed. 

When so much (ie])osit has aceuinulated as to 
reduee unduly the rat(‘ of flow (say in the eentn* 
channel) the vah'<‘ is elos(*<|, tlu^ valve is opened 
and also the jienstoek 
/g, while a. specially 
desigiu»d d i a ph la g i n i s 
hung temporarily <»vir 
the sill f/o. A large 
volume of jireviously 
filtered water is then 
sent the rt‘vi'rs(' way 
through th(* pipe* o (KOI,, 
erally by a steam 
operat(‘d bilge-ej(*et ()r 
but sometim(\s by a 
centrifugal pum p) for 
about two minutes. TIkj 
reverse current has the 
effect of lifting the 
sediment from the sur¬ 
face of the sand and 
to the Itivel of the jn'iistock/o. A special trimmer 
rake (Fig. 15), is now run along the edges p, 
of the channels from the sill-eiiH to the penstock- 
end. This just trims without seriously disturbing 
the sand surface and at the same tinui swills the 
scum aw^ay through the penstock. Pro{KTly con¬ 
ducted, the whole cleansing process occupies about 
10 minutes and requires about 1J % of the total 
4 —( 5395 ) 
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water filtered (whicll in the case of •Abater softening, 
is not wasted, but comes back for rcf-filtration). 

It is obvious that any one of the three sections 
can be thus (;1 caused while the others remain 
operative. 

Mapid-Typc Open Filters, There is still 
another typi^ of open filt(>r, generally known as the 
“ l.lapid-l\ype,” which, with many variations of 
detail, is Ixdng made by as many firms in this 
country and America. Rapid pressure filters of 
th('- enclosed type are d(\scribt!d later (pp. 47 et seq.). 
The word ‘‘ pressure ” is, of course, relativci and 
/may ref it to a few head or to a pressure of 
many pounds per square inch. Obviously, the 
greater the head or pressure available, th(‘. more 
rapidly water may be forced through the bed. 
Also when the bed is clean it will, under given head 
and if not automatically controlled, pass more 
water than when fouled, and the rate of flow wdll 
decrease as fouling increases. 

In the large open beds described above, the 
cleaning process is an undertaking of no incon¬ 
siderable magnitude and involves a large amount 
of time. The large area, therefore, is provided 
chiefly with a view^ to running over long periods. 

The pressure filters described in the next section 
are equipped ^:th mechanical, hydraulic, or 
pneumatic devices, to render the cleaning operation 
very simple and rapid, and the rapid open filters 
represent the application of the same principle to 
open tanks. In other words they are low pressure ^ 
inters, the pressure being the head in the open 
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tanks over thff sand. Fig. |6 is typical of this 
class of filter. During the filtering process, a head 
of perhajis 1 ft. to 3 ft. is niaintained above the 
quartz bed, and tlu^ filtered water finds egjess 
through the special nozzles shown embedded in 
concrete at flie b(»ttoin. At cleaning periods the 
inlet valv(5 is closed, filtc^nvl water is returned 
through the eollec^ting nozzles with sufficient 
force to put the (juartz nion* or less into suspension 
and the radial rakes arc rotated, wluTeby the 
particles of quartz are thoroughly scoured by 
friction, and the reh'ased mud is discharged to the 
drains. 

In some designs the filter bed is not agitated 
mechanically during cleansing but, instead, st'C^am 
or compressed air is injected from below. This 
method is simpler and less costly but it is also less 
drastic ; for many services, however, it appears 
to be quite efficient. 

Among the ra]Hd filters of this class are the 
American “ Jewell ” type. A filter of this type, 

‘ 17 ft. in diameter, is illustrated in Fig. 17. The 
method of operation is essentially the same as 
that of the Bell type. 

Bell, Jewell, and like open rapid flitters are rated 
to pass about 100 gallons per sq. ft. per hour 
which is equal to a flow-rate (# about 190 ins, 
pep hour through the bed. 

Ptessnre Filters. There is really no fundamental 
difference in principle between the downward 
Spw open filter described in the last section and the 
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pressure filter but—wnercas the former work only 
under the head of a few inches or ftjct of liquid over 
the filter bed and are capable of passing only a 
limited amount of water or other liquid—the latter 
are totally enclosed and may have large differences* 
of head or pressure between their inlet and outlet 
branches, (consequently, very large volumes may 
be forced through beds of small area, and, if sieve 
action only be considered, the degree of purification 
will be substantially as good at higli velocity as at 
low velocity. Accumulation of silt and mud on the 
surface will, however, be (ronvsjiondirigly rapid, so 
that thorough c^k^ansing is r(M| uirod at more frequent 
intervals, and devic(‘S for cleaning the filtering 
material constitute' the chi(*f and most interesting 
features of the many designs of pressure filter. 

The chief reason for tlitj gi*eat and growing 
popularity of pressuj*e filters is that, in relation to 
output, they occupy \ ery little space ; this, in 
busy manufacturing disti’icts, and abroad where 
transport is costly, is synonymous with low capital 
outlay. Also, as regards supervision and atten¬ 
tion in large installations, it is obvious that con¬ 
centration of plant within small space offers 
economic advantages. Pressure filters are 
installed for pres|ures up to or exceeding 2(K) lbs. 
per sq. in. for boiler feeding and like purposes, 
and, cn batterie^ for purifying water from h^h level 
reservoirs at heads of 5(X) ft. or more. ^ 

* The possible rate of filtration does not depend upon 
ajbsolute pressure in the filter, but upon the difference 
tetween ^e inlet and outlet pressures. It is not usual 
did high pressure in^allations to work at excessive rates. 
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It may be, rejx'att^d tiowevvr that, jit thcjse high 
pressures, they must be regar(h‘(l only as strainers ; 
if they are to he applietl to eff(‘et organic and 
bacterial purification, they musi Ix^ opcTated at 
very moderate speeds. {Scr also ]>. 57.) 



Fn;. 18.—I*r»YJ.i-j Pkessukk KiLTivit. 

(By Royltw, Lt<l., Manchester.) 

Royk Pressure Filter, Fig. % 8 .shows in section 
the Royle pressure filter which is, in all its main 
features, similar to some dozen or more designs' 
by various British firms. It may be regarded as 
an enlarged chamber in the water main and the 
loss in pressure between the crude water inlet and 
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the filtered water oijth^t branches js measure ol 
the pressure iHMjuircfl t<» force* tlu^ water through 
the eoinparaiiv(‘Jy thick bed of cjuartz. The 
inlet and r)utl(*t ]»r(*ssur(\s arc* geiu*rally indicated 
by Bourdon gauge's fixed at the respective 
branches, and the readings of these gauges give a 
clear indication A\hen tla^ IhmI is so fouled as to 
require cleansing. Tlie filter chamber is made of 
strong i‘iv('ted ste(*J ]>latt's and is geiu'rally tested 
by hydraulic pressure to at least oO’W in excess of 
its working pr(‘ssine, just as a boiler would be. 

The conical form of tlu* lowi'i* ])ortion of the 
Royle lilb'i* is ])rc‘ler!*(*<l by sonu* inakei’s as, the 
straining function taking jjiacc' at the surface, the 
output is not th('reby |•(*du(•('d, wliik* it is b(*lieved 
that the quartz s('ttl(‘s down more symmetrically 
in the com*. Many inakivrs, howt'ver, consider 
this to b(' a rc'tinement unnect'ssarily expensive, 
showing inappr('ciabl(' imju’ovement in effect. 
At the base, internally, are mounted a series of 
radial copper ])ipes, finely perforated, and embt?dded 
in ceimmt. Upon this ])ed rests sharp sand or 
finely cruslied quartz to a d(‘j)th of 3 ft. or 4 ft. 
In working, crude watta- is introduced near the top 
where a sieve* is fitt(*d, for the int(*rceptioii of any 
very coarst* impuiities, and also a distributing cone. 
An air vent-|)ipe rfind (H)c*k an* also provided at the 
top, so that then* may bo no " air lock ” and the 
chamber may be absolutely full of water. 

The applic'd pressure? fe)rces the w’ater eiow'n 
through the quartz, suspended uicatter being 
strained out, and the filtrate finds exit through the 
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perforated at the bottjoui leading to the 

outlet branehes. Wlien it is found that tlie bed is 
fouled, the differcaue in ])ressiire indicated by tlie 
inlet and outlet gaug(\s having riscMi from, say, 
21b. to 1011). per sq. in., eh^aning becomes 
necessary. T(» effect tins, the Avat(T inlet valve 
is closed and the valve to the sump is opened. 
Pre-filtered water is forced th(^ T’e\'ers(^ way through 
the be‘d, together with air, indu(‘(Hi hy the steam 
injector. By these means tlu^ mud and scum are 
floated up from tin? surface, tlu^ partiek^s of (piartz 
are put more or k^ss into suspc^nsion, so as to 
exercise a scouring acdion upon one anotlua*, and 
the dirt es(^ap(?.s through the njud-dischaige pij)e to 
the sump and drain. Wlu^n tlu^ water runs clear 
from the mud-discharge pipe it is assumed that the 
filter is again ck‘an, and the' original cycle is 
resumed. 

The Bell Pressure Filter. Fig. JO illustrates in 
part section the Bell ])atent j)R*ssur(‘ filter which is 
fundamentally similar to the Royle tyj)e 
described above ]>ut (‘rnbodies a quartz-scouring 
device of much more drastic nature?. It will be 
observed that there is a central shaft j)asHing 
vertically uj)W'ards through the bed and through 
a stuffing box in the cover. This shaft is rotated 
mechanically during the cleaRing periods. It 
carries, internally, radial pipe arras which are 
perforated and in communicjation with a source of 
pre-filtered water under pressure. These arms 
also carry vertical pins which serve as raises. 

When the bed, as shown by pressure gauges, is 
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SO fouled as to set up excessive resistance, a mud- 
discharge valve is opened, tlic inlet valve is closed, 
and a current of filten'd water is induced the 
reverse way to the normal cunent just as in tjie 
Royle filter, which loosens the (|uartz or sand and 
puts it more or h\ss into a condition of suspension. 
Then for a few minutes the ^^entral shaft is rotated, 
filtered water entering forcibly through the 
perforated arms, and tlu'. rakes thoroughly dis¬ 
turbing and agitating the bed matc^rial so that each 
particle is thoroughly scoured. It is claimed, 
and from our many ol)sei*vations we think justly, 
that by means of thc^se operations the filtrant is 
maintained in practically j)erfect condition ; per¬ 
haps not indefinitely, for this violent scouring 
action must in time rob the medium of some of its 
sharpness, bringing it from th(3 condition of the 
coke in Fig. 4 to that of the billiard balls in Fig. 
3, but renewal of the filtrant at intervals of two or 
three years is not a very sc^rious consideration. 

Before leaving the Bell filter, attention may be 
drawn to the eflScient type of collecting device 
employed. There are screwed into the discharge 
chamber a large number of conical boxes, each 
fitted with a lid having rather large perforations, 
and each filled vdth fine shingle. These boxes are 
clearly visible in Fig. 19, and ?t is claimed that* 
they are less liable than perforated collecting 
ppes to be choked by leakage inwards of fine sand 
or the Uke. 

" ifa^r arid PlaU Pressure Filter. Fig. 20 
represents in sectional elevation a type of pressure 
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filter })atent-(Kl hy Iviesars. Mather and riatt, Ltd. 
(MMiKjlicster), })iil now also the property of Messrs. 
Jhdi Jh’os. Th(* author lias had more personal 
e>^|)erii‘rie(‘ witli this than with any other type 



Fjo. 20. —Mathkr anii Platt Pressure Filter. 


of pressure filter ftnd, without intention of mak*ng 
invidious comparisons, regards it as a close 
approximation to perfection for most industrial 
duties. It is in broad principle, during the 
filtration process, exactly like the Royle and 
Bell filters. Instead, however, of the Boyle 
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radial collccttiiu pijx'S and the Bell eollecting 
nozzles, this filter casing is formed Anth a roomy 
internal double bottom into which finely |)(‘rforatcd 
ferrules are sen^wc'd from the vvdcr.side, and are 
thus accessible for (examination and l•l‘l>Ja('enu^lt 
without disturbing the bed. This, in itself, 

is a considerable advantage, but the distinguishing 
feature of this filter is the medhod of cleansing the 
bed when fouled. It. will Ik* s(‘C‘n that th(*re is an 
internal tube mount(*d centrally and extending 
from within-a few inches of the to|) of the bed 
nearly down to th<* false bottom. Within this is 
carried, upon a vertical spindh*, a small helical 
iinpcUer similar to the scrc*\\ proj)clk*r of a small 
launch. This can b(^ rotat(*d at liigh sp(M*d (hither 
by belt (as shown) or by a <lir(*ctiy-cou[)led (^l(!(?tric 
motor. 

At cleaning periods, tlie sand or (.|ua?’t z is put into 
partial suspension by opening tlu* mud valve* and 
sending a forceful current tlu^ rev(*rs(‘ May through 
the perforated ferrules. Th(* impelled is then 
rotated, with the result that the (juartz |)articles 
are induced in a viol(‘nt stream u}) the (central 
tube, returning to the bottom outside the tube, and 
so, with the expenditure of very littk* power, 
every particle is thoroughly scoui'cd from coatings 
of mud, grease, or the lik(^ M-hichifnay have*, adhered 
to it. At the same time, a (mrnmt of water is 
also forced down tin* ujiper sk*e\'e and, through 
jets, radially outwards at tin* surface* of the bed ; 
this assists in directing the circulation and in 
completing the scouring process. 



CHACTER V 


FlLTKATtON OF riIUI.IC SUPPLY WATER 

The uion^ one studies available lit(Tature the mote 
is brought home the difliculty of writing concisely 
and directly ujam the liltration of potable water. 
The author has not iM^en i)ersonally responsible 
for the design or inahrtenance of such filtration- 
plants and the subject cannot be regarded as coming 
wholly within tlu! e.aj)acity of the engineer; the 
chemist and biologist are at least equally import¬ 
ant contributors towards success. Again, the con¬ 
ditions for no two districts an' alike, either as 
regards quality of 8Uj)ply or nature of demand. 

In the spac(' hero available it is only possible 
to indicate su})erficial!y the nature of the various 
types of plant recently installed, the class of work 
which they accomplish, and their respective merits 
and limitations, and to direct those who need more 
complete information to the best and most recent 
literature on the subject and to the opinions of 
specialists. 

Slow Filters. The most commonly used type of 
waterv'orks filtering plant comprises two or more 
open sand filters of large area similar to Fig. 13 in 
general section, the whole bed being from 3 ft. to 
4 ft. deep. The working head of water ov« tike 
sand should never exceed the depth of the bed, and 
usually averages considerably less. 

S2 
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It is comTiicii and good practice to provide 
large open reservoirs for prolonged storage and 
sedimentation of the raw water prior to filtration, 
and sometimes also for ehoiriical tn^atment. For 
example, sulphate of alumina or lime water*is 
employed during this period of impounding to 
hasten and improve He'din)entation, or to harden 
or neutraJis^e waters exercising solvent action upon 
lead. Sulphate of c(»p|)er (say 1 part per 
10,000,000) is often added to check vegetable 
growths. Storage* afl(‘r filtration and prir)r to 
distribution to the mains is advantageous in 
underground n'sc'rvoirs. 

Open filt(;rs of this typ(* ar(5 frequently of very 
large superficial ar(‘a ; for example half an acre is 
quite common, and averages rates of filtration are 
from 1,000,000 to 4,0(K),0()0 gallons per acre per 
day. A speed of 4| in. per hour fall through the 
bed is considered a good normal average. 

As regards organic and bacterial efiiciency 
filters of this class, newly prepared or immediately 
after cleaning, may be regarded as wholly inefficient. ^ 
As has been stated previously clean sand has 
substantially no effect in removing, by straining 
or adsorption, the minute organisms which are 
the chief source of contamination. The filter 
must be ripened, that is to says® raw water must 
be passed, in quantit}" dei)ending upon its nature, 
temperature, and other considerations, for a period 
averaging 48 hours, during w^hich time the filtrate 
is run to waste. “ Rii)ening ” is a convenient 
tenn to describe roughly several effects 
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which are admittedly only sligliMy* understood. 
During tlio cleaning process the ^bed becomes 
aerated. As water is run through, the particles 
of sand in tlie upper lay(TS acquire a slimy coating, 
an*d a thin Him of mud containing mineral, vegetable 
and animal matter of the most finely divided 
nature dc'velops upon the surface. It is to these 
[)henomena that the true cause of efficiency may 
be traced. 

Carefully prepared and operated, siudi filters are 
known to reduce thi‘ bacterial contents of water by 
to 1)8^^with entire (*liniination of pathogenic 
germs, and to bring organic im})urities, a])pearing 
as free and albunu'noid ajuinonia, well within the 
recognized limits of safety. The time of running 
between cleaning periods varies greatly, <lependent 
upon the nature of the raw v ator and atmospheric 
conditions. While 20 days continuous work is 
a fair average, sueffi filters have been known to 
work efficiently as long as 180 days. 

Periods when cleaning is necessary are 
determined mainly by two considerations— 

(1) llesistancc to flow as the bed becomes 
fouled ; 

(2) Tests, chemical and bacteriological, upon 
the effluent. 

Puech-Chabal System of Slow Filtration. This 
system of filtration of public supply water is of 
IVench origin and is reported to show remarkably 
good and consistent results at Paris and in other 
continental installations. A portion of the London 
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supply is pui^dfi by Puech-Chabal filters and the 
results are stated to lx*, consistent and excellent. 

The system may be described as an inversion 
of the ordinary slow filter as illustrated in Fig. 
13, that is to say the coarse material, which forms 
the base of the normal slow filter, comes first in 
the Puech-Chabal. Instead however of being 
superimposed in one l>ed the mabTial is graded 
in several successive beds as shown diagranunatic- 
ally in Fig. 21. It will b(‘. noted in this skedeh 
there are really five filters in series. Those num¬ 
bered 1, 2, and 3, are called degrosswseurs and 
are of comparcatively small but increasing area, 
charged with coarse gravel, also graded. For 
example in No. 1 the piec(?s average walnut size, 
in No. 2, bean size, and in No. 3, pea sizts. The 
pre-filter is like an ordinary opcm filter having its 
top layer formed of coarsen sand, and the finishing 
filter is substantially a repetition of this, but of 
five or six times the superficial area, and Avith a 
top layer of very fine sharp sand. 

As the raw water i)asses successively through 
the units of this system, the coarsf^ material in the 
early units becomes coattd with slime, which is 
foiuid to develop conditions for i)urification, 
physical and biological, comparable with those 
found at the surface and in thempper zones of a 
“ripened” bed of normal design. Thus the 
roughing elements, which can be readily isolated 
and cleaned, perform a very large x)ortion of the 
important duty, and when the water reaches the 
^^^-filter and finishing filter for final clarification 




Fio. 21. Pcech-Chabal Filtration System (Diagrammatic). 
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it carries so ^tf le suspended and oi-ganic matter 
that the beds are largi ly proteeh'd from surface 
growths and accumulations, and \\ ill workelticiently 
over very long pcniods. A full and liu'id descrip¬ 
tion of the design and operation of the*- Puech- 
Chabal system will be found iji a j)ap(T read by 
Mr. Walter Clemence.* 

Rapid Filtration of Public Supply Water. The 

trend of recent events secerns to be in the direction 
of gradual supcvrsession of slow liltcM-s by those? of 
the rapid or mechanical type. Tlie former have 
the strong and infliu*ntial support of many huiding 
scientific and practical (*xj)erts, but the? latli*r have 
been wonderfully deve‘lo[)ed during the last ten or 
fifteen years, and will probably survive, if only by 
reason of their lower installailorLand uj)k('e|) costs. 
It has been provt^l r(?pt?at(Mlly that mod(‘rn rapid 
filters give results which meet all the requirements 
of biological and medical authorities and, w hat is 
even more important, they ineet therse require¬ 
ments consistently. Slow filtc^rs, by reason of 
their magnitude and cons('qu(?nt difliculti(?s of 
supervision, may be d(Jiv^(?riug a perf<*ctly satisfac¬ 
tory effluent at one time and, aii hour later, be 
discharging a very bad om\ TIk^ oiily ri^al check 
upon them is by constant tc^stiflg. Rapid filters 
on the other hand, having onc(' shown themselves 
capable of attaining the desir(*d degree of purifica¬ 
tion, may be ex}x?cted only to fall aw^iy from this 
following gross carelessness. Th(?y are usually 
, * Proc* Inat. Mech, Eng., ^ay, lOUi. 
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concentrated within a small areA’’ a^hd, being well 
housed, they are less subject to climatic influences ; 
any incidental causcj of inefficiency should be 
apparent at once. 

We have already described several designs of 
rapid filters, both open and closed (pressure) 
types, in Chapter IV ; see Figs. 16 and 20. All 
these are employed for the purification of pubHo 
supply water, substantially without modification 
so far as thiur internal details are concerned. 
The volume of water with which they are required 
to deal in this service is generally so large that a 
number of filters must be used simultaneously. 
Fig. 22 is from a photograjih of the filter house at 
Shrewsbury in which is a battery of twelve Bell 
pressure filters capable of passing 2,400,000 
gallons per day. It is typical of many such 
plants. 

Rapid filter installations of the open type, work¬ 
ing under 2 ft. or 3 ft. head or even less, generally ' 
comprise units averaging 17 ft. diameter. Probably 
the American Jewell Co. have fitted more of this 
type than any other firm and they have built 
units up to 22 ft. diameter. Pressure or enclosed 


filters do not as a rule exceed 8 ft. diameter, chiefly * 
because, under high internal pressure, large 
diameter involves heavy plates and costly 
workmanship. 

Use of Coagulants. Though the units for 
potable water supply are substantially like those 
used for rougher industrial work the conditioiis 
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We have sliown jirevioiisly that' qiean sand dr 
quartz is aloiu^ ineffici(>rit in (eliminating germ and 
organic? (?()ntaininati()ii, but we liave also explained 
brjelly the |)rin(*iple of coagulation. In slpw 
filtration the use of artilicial coagulants is com- 
parativ(>]y rare. In rajad filtration it is vital and 
ess(*ntial. On its vay to the* filter the water 
receives small nu'asurcxl doses of sul])hate of * 
alumina. If tlu* \\ atc'r be a(?id or vc'rv soft it must 
also b(e dos(*(l with linu‘ water. In the forc'ground, 
Fig. 22, may be senen the small })umps which 
systematically su])j)ly thes(^ n'agents to tlu^ incom¬ 
ing water during its ]>i*ogress through the supply 
pi])es. The elf(?ct of this tivatment is to produce 
insiispiension g(elat inous matter, aluminium hydrate, 
which forms a film on the surfacH‘ of the bed imper¬ 
vious to almost ('V(Ty form of dtdeterious matter. 
Until this film has fornuHl—say, during ten 
minutes or quartc^r of an hour following starting 
a filter affer cleaning—the filtrate should be 
discarded to the drains. 

Having in view' the importance of maintaining 
this film intact, w ater w orks' filters of the enclosed 
tyjio arc? rarely w orked at hc*ad differences exceed¬ 
ing 10 ft. and, in both open and pressure installa¬ 
tions, the greatest care is taken to avoid sudden 
variations in theV'rate of flow and all other possible 
causes of injury to the film, when once it has 
formed. 

As against the normal flow of 4 J in. per hour in 
slow filtration, the rate in rapid filters frequently 
averages 100 in. to 180 in. per hour. 
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The Cancl]^ FUter. As siahvl above, in rapid 
filtration through sand or quartz for |)otable 
supply, artifieial filming of iho hvd is (\ssential, 
but in Chapter ITl we refcM’icd hiiefly to the 
bio-chemical pro|)(*rties of Polarilc' and 



“ Oxidiuin.” These artificial fill rants are used in 
the Candy filtca* (Fig. 23), which is very similar 
in external design to the Bell anfl Mathi^r & Platt 
pressure filters shewn in Figs. 19 and 20. Tt has, 
however, no internal mechanical cleansing gear, 
but is divided into three cylindrical filter zones by 
horizontal perforated diaphragms. The upper zone 
is composed of coarse silica grit ; the middle zone 
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is Oxidium or Polaritc ; and tho*lo;!i^er zone has 
the usual graded bed with fine sharp sand at the 
surface. This, it will be noted is the reverse 
grading to the normal ra])id filter, but bears some 
reseinblanee to the Puech-Ohabal arrangement in 
slow filters. 

In the Candy filter, filming is neith<T usual nor 
necessary. The domed cover is so constructed 
that, in filling aft(T (jfich cleaning period, a consider¬ 
able volume of air is “ locked ” therein, prior to 
which the whole filter is emptied and air has free 
access to the Oxidium or Polarite to re-establish 
its activity. Cleaning of the bed, usually a daily 
occurrence, is elTected simply by sending a reverse 
current of pre-filtered water forcefully through 
from below and allowing the mud and scum so 
released to escape t-o the drain. There is no 
mechanical agitation of the bed yet the filters are- 
said to continue in good and workable condition 
for long periods. 

The degree of organic and germ purification 
obtained with Candy filters, as vouched for after 
repeated tests by the most skilled experts we have, 
is second to that of no other type of filter, slow or 
rapid, but we believe that no one has claimed 
ability to explain fully the scientific reasons for this 
efficacy. There ate several important installations, 
all of which we believe are satisfactory. 

v'., 

vV^ ''terilization by Ozone and Ghlotme. Our ont^ 
modern methods of purifying drinking water' 
Avid be incomplete without alluBion to Ozone ai^ 
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Chlorine gfcrm-destroying agents. Oxone is 
described as an “ allotropic variation of oxygen,” 
a definition perhaps obscure to the av(‘ragc reader 
but rendered a little clearer by the analogy that 
charcoal and the diamond are allotropic variations 
of carbon. Ozone is prodiK*(*d by inducing a 
constant series of (‘xce(‘ding1y high voltage 
electrical discharg(^s in a (furrent of dry air 
through which the water is aft(‘rwards allowed to 
percolate, eithcT in ojicn towers or in travt^rsing a 
coarse filter bed. The g(*rniicidal (‘fT(‘(*t appears to 
be very considtnablt^ and satisfactory in well 
devised installations, and ]mrti(;ularly in that the 
system shows some s(‘lectiM‘action ujion bacteria of 
the most deleterious nature. Sevei al ditfiTcnt types 
of plant of this nature havi* been installed, gcuierally 
with good effect, but it would a|)[)ear that experi¬ 
ments are as yet on an emj)iricar l>asis anxl that the 
, scientific side of the subjt'ct is but little understood. 

The introduction of minute quantities of chlorine 
gas into water which has b(M'n previously .well 
- clarified by mechanical filtration is effective in 
neutralizing all dangerous g(*rm contamination, 
and is probably to ho reg(irde<l as one of the best 
: safeguards against epidemics. The chi(*f limitation 
is the difficulty of application so as to leave the 
M^ter entirely tasteless and fri‘«froni odour. 

A most investing and instructive account of 
. the application of this system in field service 
during the war has been given by Captain J. 

^ Stanley Arthur, B.Sc,* 

> ^ ♦ Proc. Inst. Mech. Eng., Jm„ 1921. 



64 


FILTRATION 


Testing of Potable Waters. The 

initial and sinijdest tests to bo made on a filtered 
water art' those for elarity and colour. The first 
is gt^nerally math' rouglily at the filter station 
by Vwo obvious dtrviees— 

(1) By collecting a samplt* in a clear glass tube 
of considerable diameter and looking through 
it; 

(2) By lo\\ ering a wliit(> tik> by means of a cord 
into a wt'll and noting tht* dt'pth attained before it 
becomes invisible. 

A test on the lint's of No. 2 is standardized for 
purposes of n'cortling. Inst ('ad t)f the tile a piece 
of fine bright platinum wire is imnu'rsed in a vessel 
under conditions of constant illumination and the 
depth at which it becomes invisible is referred to 
a standard strait'. 

Colour, Perft'ctly ])ur(' \\‘ater is not absolutely 
colourless but has a faint blue tinge. On the other 
hand, most natural waters (other than those from 
deojA springs) have a Jiiore or l(>ss marked brown 
or y('llow tinge. Sev(^ral ‘‘ colorimetc^rs ” have 
been dc'visod for comparing samples, and most of 
them depend uj)on comparison with distilled water 
under standard conditions of lighting, through 
prepared coloured glass, or with the aid of standard 
solutions of colouiiiig matter, for example cobalt 
or potassium bichromate. 

Mineral Inijnirities. The hardness, acidity, 
and alkalinity of waters are readily tested with 
suflScient accuracy for general purposes by the 
welbknown titration methods described in most 
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chemical ii^p;iAals, notably iu Wanklyn’s Water 
Analysis, Hardness is tested by titration Bith 
standard soap solution ; acidity or alkalinity by 
standard alkaline or acid solutions Avith ])lu‘nol- 
phthalein or methyl-orange as indicators ; and 
chlorine by standard silv(‘r nitrat(‘ solution with 
potassium chromate* as indicator. 

Organic Ini^nirities. These arc* gen(‘rally d(‘tc*r- 
mined in terms of free and albuineiioid ainnionia 
by the Nc^ssler test (\Nhi(ih, in its linal stage, is 
a very beautiful and accurate* j)roc^e*ss of colour 
testing) against ammonia solutions of known 
strength, as clearly de?scrib(^d in Wanklyn’s Wakr 
Analysis, In skiile*d hands the* dete^rmination of 
the “ OxygeMi Absorjdion ” capacity- som(dini(*s 
called the moist combustion process is of value, as 
also is the estimation of nitrogen in oxidized form 
(Nitrites and Nitrate^s). The amount of oxygem 
absorbed is dete*rmined l)y adding to so much 
of the acidified wat<*r an (*xcess of a standard 
solution of potassium ])ermanganat(^ t he lib(«*ated 
oxygen from which is capable* of oxidizing—in 
part at least—the organic*, matte*!' pn*scnt. After 
allowing contact, usually for ‘1 hours at 64®F.,the 
unattacked oxyge*n is (*stimat(*d by a faniiliar 
volumejtric titration ])roce*ss, and deducted 
from the original oxygen vjfliie* of a “ blank *’ 
experiment using distilled water. 

Bacteriological Examination, It is now generally 
accepted that no wateu' suj)ply cun be taken as 
safe for human consumption unless it is of a 
reasonable standard of liacterial purity. The 
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enumeration of organisms is, oft* course, very 
necessary as showing filtration efficiency, but, in 
the strict hygienic sense and until comparatively 
recent years, too much importance has been 
attached to th(^ number of colonies capable of 
growing in nutrient gelatine? for a given period of 
time and under arbitrary conditions. Modem 
practice lias shown that, in dealing with a potable 
supply, whilst due regard must be given to 
numerical “ counts ” in both gelatine (ordinary 
temperature) and agar-agar (blood-heat) cultures, 
and to the ratio which one grow th bears to the 
other, the all-important tests are those wffiich 
determine definitely th(‘ absenct? or presence of 
the organism indicative of excreta! contamination, 
viz., the Colon Bacillus. MacConkey has placed 
in the liands of the bio-dimnist a simple inoculation 
test for this oiganism wliich gives presumptive 
evidence of its presence on a quantitative basis. 

A good general description of methods usually 
adopted in carrying out bacteriological examina¬ 
tions may be found in either Savage’s The 
Bacteriological Examination of Water Supplies or 
Thresh’s Examination of Water and Water Sup¬ 
plies. For a spc'cification of the requirements from 
a first-class modern installation for public supply, 
the student is refe»<*ed to a lucid paper read by 
the late Prof. Sheridan Delepine, appearing in 
the Transactions of the Institution of Water 
.Engineers, Vol. XTX, 1914, 



CHAPTER VI 

CBNTKIFUCAL AND VACUUM FILTRATION 

Durestg the last twenty yt‘ars, the (‘(‘iitrifuge ** 
or “ whizzer ” has bc‘eonie a most important 
machine in industry and its a])})li(ia1ions are ever 
extending. By a small elTort of imagination 
almost all its applications may he regarded as 
filtration functions, evcm tliat in the laundry, 
the best known to the layman, wh(T(‘- the machine 
may be conceived as a means of “ sieving clothes 
out of water.” 

In filtration one may regard the centrifuge as 
the substitution of anothcT and more readily con¬ 
trollable force, viz., centrifugal force, for the two 
forces hitherto mentioned (which arc^ sul)stantially 
one and the same), viz. gravity (or head)* and 
pressure. In sieving or straining we supply liquid 
carrying matter in suspension to the strainer : all 
would descend under the action of gravity but the 
entrained matter is intercepted. In filtration 
involving the principles of sedimentation or 
flotation, as illustrated in ^ig. 1, separation 
depends upon difference in specific gravity of 
liquids and solids. So also is the case in centri¬ 
fugal separation, but the differencci may be greatly 
accentuated, therefore the results may be 
correspondingly accelerated. 

67 
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Calculation of Centrifugal Forcen formula 
for (jiiiculating ooiiirifugal force is : 

whinv 

C i*(‘iit rifugal force in lbs. 

\V wciglit of particle in lbs. 

V Nclocity in feet per scH'ond. 
r --- radius in feet from (H*ntre of rotation. 

(j --- ae(*(‘leration due to gravity 
“ - .‘12-2 ft. ]K‘r sec., at latitude of London, 



Fig. 24.—Jt.t.ttstuating Action 
OF Cknthifugjs. 

r 

Assume now a particle W of very small weight 
within the cylinder A (Fig. 24), 1 ft. from the 
centre line of the shaft which is rotating act 3,000 
r.p.m. In reality this particle would be floating 
in liquid which would itself have weight, but for 




CENTRIFUGAL AND VACTTTJM FILTRATION 69 


simplicity (V <#<‘S(*riptioii \v(> will assume tliat tlie 
cylinder is (uiijdy ami that IIk^ ])arti(il('! is retaimnl 
in its position by two \\<‘i^lillcss thrt'ads x and //. 
While shaft is statioiiarv the tension on 

X = W and on y/ o. When lh(‘ shaft rotates, 
the tension on // is the et'ntrifiigal foi-et':. 

The velocity v of II' is given by : 

V -- 27 r/' X revs, jhm' so<‘. 2 v; a* 14 Hi I >: :{00U/«>() 

214 ft. |»er s<m*. 

and the centrifugal force, on IT is givt'u by : 

r Wr^Ufr - II' >: 214 x 214/22-2 ; ' I 
20<i0ir 

This is the tension in the thread y. In other 
words^ the centrifugal foret^ available to st‘])arat(* 
the particle from its vehicle radially is mor(^ than 
3,0(X) times the gT’avitational forc(‘ vt^rtically 
available. An estimation on such simph*. lirujs as 
this is, of course, Jiot j)racti(jjilly a|)|)licablt‘, in 
that the i)articl(‘ is iu>t suspemeUd by weightless 
threads but by a liquid w Inch itsc^lf has weight, and 
the separating force is re})resent(‘d by the dffftT- 
ence in density between the liquid and solid, or 
between two different liquids, su(;h as milk and 
cream. 

Centrifugal Separation by Straining. In simple 
straining or sieving under Centrifugal action 
difference in density is of no moment. The cen¬ 
trifugal force acts just as would pressure over the 
filter beds previously described. Thus, referring 
to Fig. 25, assume that the revolving basket 
has a finely perforated periphery and is charged 
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through the spout D from the e\^api»rator of an 
ammonium sulphate plant. The crystals, too 
largo to j)ass the perforations, arc retained wthin 
thq bask(‘t in substantially dry condition while 



Flo. 25. -EusOTKIOAliLY-DHIVlSN CflNTiilFUGE WITH 

Skimming Arhanoement. 

(By Thos. Bruadbont & Sous, Ltd., Huddersfield.) 

the water finds its way through perforations to 
the spout E. If dealing with more finely suspended 
matter a filter cloth would be interposed at the 
periphery of the cage C, 

Centritogal Separation by Diflexenoe in Doi- 
sity. When the substance to be extracted is too 






CENTRIFUGAL AND VAOuijM FILTRATION 71 


fine for reten|;ioji even by a closely woven c^Ioth— 
when for example one* lias to dc^al with matter 
approaching the colloidal condition—the' rotating 
cylinder is made' witli its walls un perforated, but 
is rotated at such liigh spc'c'd that the surffiCce 
assumes a parabolic form as shown in Fig. 25. The 
lighter portifms then sjiill over tlu' edge' into the 
outer casing or, in certain casc's, will be caught and 
run off by the adjustable skimming d(‘vice, F, 
the heavier solids having meanwhile, under 
centrifugal action, reaclu^d and adhenHl to the 
inner walls of the cylinder, whence they are 
removed during stoppages at freqiu^nt intervals. 

Fig. 26 illustrates a small c(^ntrifug(' for separa¬ 
ting two liquids of different specific gravities and 
is in all essential features similar to tlu* w ('ll known 
cream separator. The rt'adt'r will bc' able to 
follow, from the notes abov<% how the heavier 
constituent, under cc'iitrifugal force, takes the 
outer course and, as the machine is charged down 
the central chamber, rises and finds ('xit by the 
lower spout. The lighter constitutuit rise's to the 
higher level and is discharged from the upjxsr 
spout. The fine annular deflecting discs shown are 
common to all such machines for j)ur€?ly liquid 
separation, and tend to increase efficiency by 
filming, interference, and j)roba^ly by fricjtional 
adherence. 

Speed and EKect of Centrifugal Separators. A 

paper read by Mr. F. J. Broadbent, M.Sc., at the 
l&|anchester College of Technology in Decemlit'r, 

ft--(5395} 





Ki(3. 26.-—C»;:tiiifugal Skparator foe Liquids 
OK Different Densities. 

(By Watson, Diidlaw & Co.. Ltd,, (Sinsgow.) 





















































CENTRIFUGAL AND VACUUM FILTRATION 73 

1920, provido8#sonio very interesting notes upon 
centrifugal separation. The sp(»(^(ls at which 
centrifugal machines may he run with safety are 
determined by meclianieal eonsidcTations; the 
stresses and vibrational elTects whidi may arise 
despite careful design and workmanship are 
enormous, and, for factory uses im|)ose limitations 
of speed which, to the theorist, app(‘ar r(*grettable. 
On this account, regardt^d only from thc‘ view 
point of “separation effect,” small macdiines are 
more efficient than large ones. Table I is ('xtraoted 
,from Mr. Broadbent s n^sults for standard 
machines. 

TAHLK I 

Speed and Effect of Centkifcoal Separatoiw ' 


Diameter of 

StaiidanI 

Cctilrifiigal effect 

Cttge. 1 

S[)<*cd. 

ill “(inivities.”* 

Ins. ! 

R.P.M. 


» 

2,200 

018 

18 1 

1 ,r»oo 

1 575 

30 

1,150 1 

! 501 

42 1 

1,000 

590 

72 1 

, , 1 

650 

4:u 


. • These gravities are calculated on the hascs shown 
bn* pp. 68, 69. 


The paper proceeds to explaingithe results which 
would be possible under higher rotative speeds, 
tod to describe efforts which have l)een and are 
being made in that direction, concluding with a 
short description of the Sharpies Super-Cen- 
in which a 4 in. diameter drum is rotated 
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at the enormous sfx^ed of 17,0(X^ giving 

effect equal to 1(),4()0 timers gravity, while a still 
smaller ma(‘.hin(‘, with 2 in. diameter drum running 
at 40,000 r.p.m. (‘xereises a se|)arating effect 
eqUal to 45,000 tim(\s gravity. The author 
continiK^s— 

“ It is elainu^d, with apparent justification, 
that thc^st‘ are the highest valiu\s of centrifugal 
force us(xi in jjracticc^. llie care required to bal¬ 
ance such machines and to allow flexibility of swing 
will b(» reaciily appreciatt^d. With the smaller 
machine it is stated that sub-microscopic particles 
can be removed and such difficult separations as 
that of stTum from blood can be efficiently per¬ 
formed. The passages through which the liquids 
flow are n(H?essarily small in machines of this 
type and with even very small quantities of 
certain kinds of solids these passages soon 
choke. In such cases a very excellent plan, 
which has becui patented by a firm in this country, 
is to use a much larger imperfoiutti hydro-extractor 
first as a roughing machine. This will remove a 
considerabk* quantity of fine solid particles and also 
part of the liquid to be recovered and the remaining 
liquid is th(‘n treated in the Sharpies super-machine. 
In this way it was found that instead of cleaning 
the Sharpies bow^every hour it was only necessary 
to clean every 24 hours and although it is not a 
difficult matter to do this and a spare bowl can be 
re-fitted in five minutes, yet in the case mentioned 
the two machines made all the difference between 
a commercial success and a commercial failure,” 
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Laboratory Centrifugals. Bofon* lea\ing the 
subject of centrifugal sc'paration w(^ may refer 
briefly to its use in the laboratory, by rc^ferenee 
to Fig. 27, as illustrating to tlu' gc'iKTal reader^the 
wide utility of th(‘ prinei))l(‘. This illustration 
represents the cumtral v'ertic^al spindle^ f)f a maehiiK^ 
carrying a specially shapi‘d disc which is |)n'pared 
•o receive ten or twxdvc* graduated t(*st tubes. A 



Fig. 27. Laiiokatdkv (’kntkikimjai. nm I )i-:tkumination 
OF Ljght ani> Hkavv Injjrkdfknt.s in SaMI'LKS 
i)F MiXTI'HKH. 

(Sy Watson Laidhov A (*o., Kid., iilas^ow.) 

mixture, let us say new^ milk, or mineral oil carry¬ 
ing paraffin wax, is j)ut into the test tubes and the 
spindle is rotated by simple gear at a speed of about 
2,000 r.p.m. Thc' h(?avier ingrediemt is forced 
outwards radially and th<‘ projiortion of the 
lighter ingredient is shown volurnt^trically by 
direct reading on the scale, as a^pcTcjimtage of the 
whole. 

Vacuum FDtration. In ordinary vacuum filtra¬ 
tion there is no important variation from the 
procedure previously described of filtration at 
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atmospheric pressure under “ hea^.”- The speed 
of filtration through a given bed is proportional 
to the dijfmmT in ])ressure or head over and 
below th(‘ medium, and wlien it is not practicable 
to obtain sufficic^nt pressure on the inlet side, like 
effect may bo obtained by (exhausting or setting 
up negativ(' pressure' on the discharge side^ 
Gcmerally therefore' the substitution of vacuum for 
pressure filtration in industry is determined by 
conditions of m('(*.hanical c<mv(>nience. We should 
describe, however, one tyi)e of apparatus which 
works under vacuum for continuous filtration 
and which, although old in j)rinciple, has recently 
met with ('xtemded favour in many chemical 
processes. This machine is illustrated diagram- 
matically in Fig. 28 and is preferred to centri¬ 
fuging or like alternatives mainly because it is 
continuous in action. The drum Ay which has 
a perforate j^eriphery but solid ends, is covered 
by filter cloth, and rotates slowly in the bath B, 
int(^ which th(i li(iuor to be filtered runs continu¬ 
ously. The internal pipe C passes out through bno. 
of the hollow bearings or trunnions where it is 
fitted with an air-tight stuffing box, and com¬ 
municates with the receiver D. This in turn can 
be exhausted continuously through the pipe E, con¬ 
nected to a vacuum pump, and can be emptied of 
liquid through the cock F and the long barometric 
pipe O. 

"Vyhen the apparatus is worked, the -negatiye 
pr^ure in the drum A induces the liquor through 
Uthh cloth, the suspended matter being strained: 
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out and remaiiting caked upon the outside. The 
clear liquor is drawn to the receiver />, whence it 
may be discharged at intervals by hand manipula¬ 
tion of the cock or by one or ()th(*r of the many' 
well-known automatic devices for this purpose. 
The mud on the cloth is cleared auay continuously 



FlU. 28.- iLLUHTKATINtJ Krj.THATlON 

ITNDKR VAiMM’M. 


by the scraper or “ doctor ” blade* H, and falls in 
to a suitable receptacle or on to a cr»nv(5yor. 

This apparatus is most commonly when 

both the clear liquid and the extractfHl mud are 
Valuable* products. 

The American Oliver" vacuum filter, and 
devices apparently inspired thereby, are, 
in their simplest form, like the diagram Fig. 28, 
but have been elaborated and are meeting with , 
/ygreatly increased favour for many ''Chemical 
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works ” ])ro(;esses as substitutes fdr the ordinary 
plate filter yiress. The preference rises chiefly 
out of the fact that the operation of vacuum filters 
is continuous and therefore out[)ut is incTcased 
ancf labour reduced. In the normal filter press, 
the (•ak(‘ may b(‘ wash(‘d with water or solvent 
liquor in situ and befort' removal (p. 26). In the 
Oliver vacuum tilter, provision is made for such 
washing, without int(‘rrupting continuity of work¬ 
ing, by dividing the ])erij)hery of the drum into 
longitudinal box se(;tions, each (communicating 
with a central automatic valv(‘ box by a radial 
pi^^(^ The cak(‘ is d('|)osit('d upon the cloth 
during an early ])ortion of angular motion, and 
during a later portion of th(‘ revolution, but before 
the cake reacrhc's llu' “ doctoi’," water or other 
solvent is sprayed u])on it from outside. This is 
sucked through, abstracting from thc‘ cake and 
carrying forward all nvsidual soluble matter, and 
the weak li(|Uor is discharged separately and 
independently from the original strong liquor. 
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FILTRATION AND I’LARIl'K'ATION OK (ML 

In Chapter IV we have, in (l(‘alin^ with industrial 
nitration generally, alluded lo apparatus of the 
nature used in the inanufa<dun‘ of animal, vege¬ 
table, and mineral oils, and we propose, in the first 
instance, to touch a little more in detail upon the 
methods of application of thc'se, for example the 
oil press, the filter pnws, and the (diarcoal filter. 
It is not easy to do so without wandering to some 
extent from our real suhjc'td—filtration—as other 
chemical and physical functions an* so (jhxsely 
associated therewith. Kurthc'r, .then* are so many 
varieties of oil, so many sources, and so many ideas 
peculiar to the localities of j)roduction, that the 
present notes must be of the most gem*ral and 
brief nature. • 

VdgdtaUe Oils. These are chi(*fly derivcHl from 
seeds, rape, linseed, cotton, and th(* lik(;, by 
crashing and pressing. Tlu' s(*t*d is first ground or 
crushed to break up the oil-cells and to facilitate 
expression. Following a moderate heating process, 
it is transferred to the oil press and subjected to 
intense mechanical or hydraulic; ])rcssun* whereby 
the oil is squeezed out and flows away to tanks, 
the seeds being retained as “ eakc*s ” and largely 
used for cattle feeding. A plant fccr crushing and 
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prosMing st^ods is illustrated in Figi, 10, but there 
are many varieties. In sonu^ presses the crushed 
seeds are packed in cloth bags and pressed between 
flat plates, whcm the l)ags act as filters. Some- 
tinfes the scn^ds, afii'r l)eing pre\ssed for the best 
oils in the above* manner, are further treated with 
solvents such as benzol, petroleum spirit, or 
carbon di-sulphide, in closed vessels, cither by hot 
or cold process. The solvent absorbs the last 
. traces of oil from the seeds, and the liquor is after¬ 
wards distilled, tht* oil being retained in the still 
and the volatile absorbent condensed for use over 
again. 

Animal Oils. On l>road physical lines the same 
procedure is adopted in producing animal oils 
as with vegetable oils but the apparatus used is 
very different. The fatty portions from the 
slaughter-house are minced and put with water 
into a closed vessel or jacket pan where they are 
boiled by steam for some hours, and then allowed 
to settle. The clear oil rises to the surface and is 
removed by decantation. The residue is fre¬ 
quently treated with a small amount of sulphuric 
acid and pressed for the last obtainable traces of 
poorer quality oil. 

Mineral Oils. The volatile and fluid products 
of mineral crude oil or oil-shales are ^tillates and 
do not therefore, in their commercial qualifies, call 
for much filtration. The more viscous pix)dwte,.;; 
manuiactured chiefly from the residue 
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stills after ditg^illation, do call for very careful 
filtration, particularly those tim* amber coloured 
cylinder oils, which are very carefully filtered 
through animal charcoal or fuller’s (‘arth. 

Filtration is an important iivm in ih<‘ separation 
of paraffin wax fnmi mintTal oils which arc first 
subjected to refrig(‘ration, to solidify the wax, 
and then passed througli tlu^ filter press. 

Filtration of Old Oil. t)il which has been used 
for lubrication becomes dark in (u)lour and is 
invariably contaminated by dirt and metallic 
particles. Some authorities argue* that if these 
are removed the oil loses none of its lubricating 
value. Whilst the author c.annot wholly endorse 
this view, it is beyond question that great savings 
may be effected in large works by purifying the 
oil recovered from lubricating systems. Pro¬ 
longed storage of such oil in tanks, maintained at 
a temperature of about 140°F. by steam coils, 
goes a long way towards rendering th(* oil suitable 
for re-use, although this simple procedure does 
little or nothing towards bringing back the original 
colour and clarity. 

Fig. 29 illustrates the Wells oil filter, one of 
many designs of similar type. The use of one or 
other of these filters has ^lecomc* practically 
universal in factories of any size. The filter 
illustrated comprises three cylindrical chambers 
which are superposed and fit into one another «o . 
y^that, by simply lifting them apart, all internal r 
• are accessible for overhaul and cleaning. 




Fio. 29. —Wells Waste-oil Filter. 
(By A. C. Wells Co., Manchester.) 
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The top charnbor, into which (lirty oil is poured 
tas availal)l(s providers sim[)ly for scMlinu'ntation, and 
IS sometimes fitt(‘d with a small steam (^oil (not 
shown in the illustration) wh(T(‘by the tem}>erature 
may be maintained at aliout ir)()''F. As explained 
in connecjtion with tlu^ Wanklyii subsidence 
filter ((Chapter Tl), the top film of oil (‘lears first 
and the patent floating syphon shown is devised 
so that all oil transferred to th(‘ second (diamber 
is drawm from the surface. In the s(‘cond chamber 
the oil passes radially inwards through pi^rfoi-atioiis 
in a filter box containing pads of somc*what loostdy 
woven fabric, and is freed from suspended matter 
of any considerable magnitude. Thi^ pr(‘-filt4*red 
oil then passes to the underside' of the* filter box in 
the low'est chamber under a head ave'raging about 
12 in. By upward filtration through a series of 
fabric pads suitably clamped 'down, the oil is 
relieved of all the fine suspended matter not 
removed by the jire-filter. The syiace below the 
lower filter box acts as storage^ from w-hich the clean 
oil may be drawm as desired. Tht* construction 
of the second filter box is ingtmious, providing 
first that there shall be no short circuiting of the 
oil past the edges of the pads, and secondly that 
the degree of compression of the pads may be 
regulated in accordance tlie fluidity or 

viscosity of the oil. 

A system of w^aste oil filtration, recimtly placed 
upon the market by the British Thomson Houston 
Co., Ltd. (Rugby), should be mentioned here. 
No claim can be made for it as embodying invention 



84 FILTRATION 

or i new principle but, for larg<? power inatalla- 
tions, it is compact, handy, and obviously efficient. 

It has origin in the necessity for de-hydration and 
purity of the oil used in larger electrical transformers 
at •power stations,* but is (usually efficient in 
dealing with lubricating or any other fluid oils. 

It comprises a small horizontal filter press almost 
exactly, in miniature^, likc^ the press shown in 
Fig. 8 (p. 24). This is mounted in self-contained 
form over an electrically-driven, high-duty centri¬ 
fugal pump. The (combination is placed in circuit 
with a stoiage tank of considerable size into which 
oil collected after use is run. Circulation is con¬ 
tinuous to and from this tank through the press, 
and thus a high dc‘gree of straining is constantly 
maintained. Instead of the usual fabric as 
filtering medium ordinary blotting paper is used, 
clearly an ideal medium as regards straining 
properties, but, as (dearly, very fragile when in 
its moistened condition ; the fact that it may, in 
several thickm^sses in the press, be subjected to 
pressures of 100 lb. pc^r sq. in. is testimony to the 
perfection of design and construction of the 
plates. 

As previously stated, simple straining of this 
nature will not return the oil to its original con*^ ' 
dition of colour an<j^. clarity, but on the other hand 
it will remove all matter likely to have deleterious 
.effects upon even the finest machinery and it wfll 
re&itore partially, if not wholly, the lubrioativo : 

. ^ 

’ ^ See also High Voltage Power Tramformera, by W, T. ; 
uniform with this volume (Pitman, 28. 
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value, provide^! that th<^ oil mm suitably com¬ 
pounded in the first instance. Oils comfKJunded 
from vegetable bases of oxidizable nature*, such as 
cotton-seed, resin, and tlu* lik(* an^ not desirable 
to start with, and are c(*rtainly unsuitable‘for 
re-uee after filtration. 

Clarifying Oil. Clarity and colour are of impor¬ 
tance commercially if not technically in oil refining. 
These qualities are usually obtaincKl by chemical 
means, for example by intimately mixing sul¬ 
phuric acid or caustic soda with oils, subse-quently 
washing thoroughly with water t<» remove the 
last traces of acidity or alkalinity (as the case may 
be) and decanting. 

A method of clarifying frequently used, which 
may be regarded as pliysical rather than idiemical, 
is to mix intimately with the distitjloured oil 
mineral substances in finely divided form, fuller’s 
earth being perhaps the substance most (joinnionly 
used, and then to separate by cloth filtration in 
a filter press or by the use of a centrifuge. The 
effect of this procedure may aj)tly be (compared 

■ with that of coagulation in purifying greasy water 
as 'described in Chapter I. The finely divided 
mineral particles attract and attach themselves 
to the matter causing discolouration and, l>eing 

■ removed by filtration, leave the oil bright and 
blear. 

'Spun-glass Filters. While engaged upon thii^ 
the author’s attention has lieen directed to 
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the success attaint'd in oil filtration by using 
bundles of liiu'ly s})un glass loosely packed in an 
enlargt'd portion of tin* pijw' through which the 
oil is j)assing. Scr(‘(*ns of this inaterial were 
utilized sev('ral yc'ars ago and found to be very 
effective in extracting tlu* last traces of tar and 
moisture from gas, but tlu‘ application for oil 
filtration appears to bt' (£uite new. So far as 
entrained solids, sand, and th(' like are conct'rned, 
it is not (‘asy to undt'rstand wherein the stated 
efficiency lit\s, for although, regarded as a mesh, 
the interf(U('nc(^ may l)e very marked, the smooth 
nature of tlu' surface of spun glass is comparable 
to the l)illiard balls of Fig. 3 rather than to the coke 
bed of Fig. 4. On tin* other hand the (efficiency 
claimed as rc'gards de-hydration, the agglomeration 
of minuti* water })arti(!l(\s in oil into fewer large 
masses capable of subsequent separation by 
settlement and decantation, is readily compre¬ 
hensible. l)i*v(‘lopments of this discovery are 
likely to lx* interesting. 
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FILTRATION OP AIR 

Evils of Atmospheric Pollution. By a happy 

coincidence, when on the jjoint of commencing 
work upon this chapter, the author found in 
The Observer a column from which is taken the 
following powerful testimony to the evils of 
atmospheric pollution— 

“ When Pittsburgh was inquiring into this 
matter, prior to the great clean-up which I 
described here in the autumn after witnessing its 
results—and which I remember the more vividly . 
when inhaling the dirt and cowering under the 
darkness of our own steel metropolis—^the author- 
ities paid particular attention to psychology, and 
the result is to be found in their Bulletin No. 3, 
‘Psychological Aspects of the Problem • of 
iAtmospheric Smoke Pollution,’ by Dr. Wallace 
: Wallin, Director of Psychological Clinic, University 
of Httsburgh. This is a very fine and complete 
: ]^ece of work, fully documented, and now very 
Boai^, and I only wish I knew how it could 
widely distributed in our cotntry. At least 
Z may here quote from the ‘Summary of Con- 
olpsiens,’ premising that in the text itself good 
ai^ exact evidence from many competent observers 
ie oiM for findings which, by themselves, may 
tt^eiar too dogmatic in form : 

87 
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“The mental effects of smoko and sitioke-produced 
weather states are direct and indirect. The 
indirect effects issue from bodily changes thus 
produced, while the direct effects are due to the 
influence of the mind’s own states upon its 
subsequent thoughts, disposition, and conduct. 

“ Smoke fills the atmosphere with acrid, poisonous 
compounds and soot particles which . . . 

diminish the })otential reserve, working capacity, 
and well-being of the individual, increase fatigue, 
irritability, and malex^ntent, and may tend to 
hasten prematurt^ decay. 

“ Smoke clouds are inimical to the highest 
aesthetic development of urban communities. 
They seriously limit not only the possibilities of 
Municipal art, in r(*spect to architcctun^ statuary, 
painting, and ornamental gardening, but also 
limit the possibilities of art education in the 

community in question.They befoul 

the persons as well as the dress of the inhabitants, 
limit the range of wearing apparel, and may 
foster habits of indifference. They obliterate the 
natural panorama of art, the iridescent clouds or 
the sky. 

“ Our knowledge of the mental influences of 
atmospheric smoke pollution should be rendered 
more complete ♦by systematic psychological 
research.” (The Observer, April 3rd, 1921). 

Filtration Requirements for Ventilating Build- 
ings. Beyond all question attention to the 
purification of air in ventilating public buildings, 
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particularly fh industrial districts, is of primary 
importance, as anyone may gather l)v observing 
walls and ceilings in the m»ighbourho(xl of air 
inlet ducts, above* gas jets, or in any ])osition in 
which, by reason of indnee'd eurnMits, constant 
bafSing occurs. EvervoiK* knows something of 
the amount of dust carried by the atmos[)here as 
visible in a darkened room ])im('trat(Ml by a ray 
of sunlight. Some specialists stat(‘ tliat air 
filtration should be ciarried out so earc'fully as to 
intercept air-born(* germs of all kinds, but the 
majority of ventilating (engineers do not go so 
far, arguing that, in the worst instances, germ 
contamination of the atmosj)h(T(> of a building 
due to limitations of the ventilating system, is 
insignificant as compared with like* contamination 
due to the inmates, and that all that is necessary 
is to intercept such miniTal and organic matter in 
suspension as may broadly be. designat(*d “ dust.** 
Mechanical ventilation of large buildings, that 
is to say the positive injection of fresh air into—or 
extraction of foul air from—them by fans is now 
almost universal. The former, known as the 
“ plenum ” system, has many advocates and 
certainly lends itself to air purification better than 
the latter in that it determines that practically 
all fresh air supplied shall passthrough the appara¬ 
tus designed for its filtration. It is no part of 
our duty to discuss here the merits and demerits 
of the various systems of ventilation, but only to 
deal with methods adopted for air filtration where 
sueh are practicable. 



00 


FILTBATION 


Dry Air-Filters. Though '' wasMng ” the air 
by water is an essential feature of most systems, 
something may be said about the dry system, that 
is t(x say drawing or forcing the inlet air through 
fine mesh screens or, more generally, fine muslin. 
In one case within the author’s knowledge, air is 
supplied to a large building by an enclosed fan 
blowing into a main duct, from which branch 
ducts lead to various rooms. Arrangements are 
made whereby a long sausage-shaped muslin bag 
can be affixed to the fan discharge orifice so as to 
blow out into the main duct, and to catch any 
particles too large to pass the interstices of the 
weave. We have no record of the percentage 
purification obtained by this means, but, if the 
filthy condition of the bags after a few hours run 
may bo taken as an indication, they are doing 
very good service. Spare bags are kept, so that, . 
when one is fouled, it is removed for washing and 
replaced by a clean one. 

Messrs. James Keith & Blackman Co., Ltd., have 
fitted a type of dry filter which is said to give good 
results and is interesting in its resemblance to the 
devices for rough water-filtering illustrated by Mgs. 

6i 6, and 7 ante. Their drawing, kindly lent for 
descriptive purposes, shows a chamber the croBe* 
sectional area of which is twenty-five times that of 
the fan discharge pipe which blows into it. Within 
this chamber are six filter frames, each of approk** ; 
imately the same cross-sectional area as the diambte, 
but mounted zig-zag, like the letter W, so that the h 
total area presented is 150 times that of the ^ 



FILTRATION OF AIR 


91 


discharge, arifl the air velocity through the frames 
is reduced in like proportion. Each frame is made 
of two thicknesses of wire mesh about 2 in. apart, 
the space between them being loosely packed»with 
cotton wool. Spare frames are supplied so that, 
when those at work become choked, they may be 
removed for re-packing and the spares put in their 
place. 

Wet Air-Filters. As stated previously, water in 
the form of fine sprays or films is the chief medium 
employed for the cleansing of air. The mere 
passing of air through a chaiiibt*r all parts of which 
are reached by fine water-sprays, the foritiation 
one may say of a miniature rain-storm, is effective 
in removing as much as 98% of t he total entrained 
impurity comprising smoke residue, road dust, 
and the like, from city air. In othtr apparatus 
closely-spaced timber or m(?talli(j baffles, louvres, 
or the like are placed in the air duct and films of 
water are equally and constantly distributed? over 
their surfaces. The dust particles adhere to the 
wetted surfaces and are automatically washed 
down. 

Still another and orujc very popuLar form of air 
filter consisted of a screen of cocoa-matting or 
other fabric stretched acros# the air duct and 
maintained in wet condition either by jets of water 
playing upon it or by causing the screen itself to ■ 
pass over, rollers through a bath of water. The 

eoke scrubber ” used in connection with nearly ? 
jey^ry suction gas plant for removing coal and 
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ash dust from gas previous to its entry to the gas 
engine cylinder is substantially similar in operation. 
Though continuously^moistened mat or fabric 
screens of various patterns have been used exten¬ 
sively as air filters, the general consensus of opinion 
is that it is hard to pn^vent accumulations of filth 
round about the carrying m(‘(dianism, and that 
carelessness or neglect may lead to conditions of 
incidental air contamination worse than if no 
attempt at filtration wctc made. 

Water-Spray and Wet-Surface Filters, We may 
with advantage describe one of many air filters 
standardized by British firms as tyi>ical of the best. 
It comprises a chainl)er of such cross section that 
the velocity of the incoming air averages about 
600 ft. i)er min. This chamber is open to the 
outside air at the? inlet end and the fan at the 
opposite (‘lid draws fresh air through it. The base 
is constructed as a tank to hold water and this is 
maintained at a constant level by means of a ball 
val\ie. At th(‘ entrance end are several nozzles 
capable of sending forcefully very finely divided 
sprays of w ater forw^ard in the same direction as the 
air is travelling, but at much higher velocity. 
These nozzles are generally fed by a small motor- 
driven centrifugal pump drawing water from the 
tank base, and a fifte sieve is inserted in the suction 
pipe to intercept any dirt, the result of earlier 
circulation, which might tend to choke the spraying 
nozzles. At the fan end are mounted iTertioally 
two sets of plates or louvres closely spaced and set 
at an angle to the normal direction to the air flow 
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so as to havita baffling effect without settling up 
undue resistance. The first s(*t of plates are 
maintained in flooded condition by stn^anis of 
water also derived from tlu' aforement ioned ^cen¬ 
trifugal pump. TIh‘ second s('t of })lates, set at 
the reverse angle, may be r(*gard(Hl as dryers and 
are fitted with edg(‘s turned back or lijiped to 
intercept any unabsorbc'd fiarticles of water 
carried forward by the air curi*c‘nt. Following the 
dryer plates the chainbt^r tajiers away gradually 
to the fan inlet. 

The principles of operation is that most of the 
dust particles, whim saturated with water, are 
heavy enough to fall out of tiu* air current by their 
own weight. Those uhicdi ar(‘ cariied on strike 
and momentarily adhere to tlu* first set of baflle 
plates but are soon wash(‘d down into tin* tank by 
the flooding water. 

It is usual to fit a glazed door to such air filters 
and to mount an electric light within tluun, so that 
inspection while running, jiarticmlarly to# note 
that the spraying nozzles are furudioning, is easy. 
Ready facilities are provided for |HTiodic ck^aning 
out of the accumulated dirt. 

The apparatus above described is manufactured 
by Messrs. Davidson & Co., Ltd., of Belfast. A 
very similar arrangement i fitt<‘d l>y Messrs. 
James Keith & Blackman Co., Ltd., and other 
arrangements, often with flooded cloths substituted 
for louvres or baffle plates, but generally embody¬ 
ing similar principles, arc devised by well-known 
ventilating specialists. 
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Messrs. Musgrave & Co., of Belfast^ have devised 
and fitted in connection with many ventilating 
systems a very simple air filter which is in principle 
and effect somewhat similar to those described 
above, and is said to be very economical as regards 
running and upkeep. The distinguishing feature 
is the substitution, for multiple spraying nozzles 
fed by a pump, of a small power-operated paddle- 
wheel which rotates at high speed within the 
enlarged inlet duct. A small stream of clean water 
is allowed to fall continuously upon this wheel 
with the result that it is dispersed centrifugally 
as an atomized water screen right across the 
chamber, through which screen all air must pass., 

Humidity of Wet-Filtered Air. One of the 
difficulties associated with wet filtration processes 
for air is that of attaining simultaneously a suitable 
temperature and a suitable degree of satmation. 
Following filtration, with most installations on the 
plenum system, the air is heated by passing through 
a battery of steam pipes. Air will absorb a Cer¬ 
tain amount of moisture and its capacity for 
moisture increases with every rise of temperature. 
For comfort of those inhaling it a moderate and 
correct percentage of saturation should be main¬ 
tained. The weight of water which 1 cu. ft, of : 
air will absorb to become saturated at various 
temperatures is shown by the graph. Fig. 30. It 
will be evident that, in passing through a wet 
'filter of the type described above, complete 
saturation is not only possible but probable. This, i 
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difficulty canjbe overcome fairly well during cold 
weather. Thus suppose air is drawn tt^ough 
the filter at 30®F. and leaves in a saturated condi¬ 
tion, i.e. carrying 2 grains of moisture per cu. ft. 
If the air be raised to COT. in the lieater, *t is 



M^jx^ Weight of Water Absorbed (Grams per Cubic Foot) 

Fia. 30. —Wateii Ausohukd uv Aut at Vauioi s 
Temperatuiies for Saturation. 

then capable of carrying about 5*8 grains of water 
per cu. ft. ( 5 ce Kg. 30) so that the actual percentage 
saturation would be : 

100 X 2/5-8 = 35% (approx.) 
which is a comfortable degree for respiration. 

Electrostatic Precipitation* We should not con¬ 
clude this chapter without reference to the separa- 
-tion of dust and moisture from air and other 

7a->(5395) 
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gases by electrical means. Fromf^the practical 
standpoint this subject is still in its infancy, but a 
very large amount of research work has been done 
in tjiis country and abroad. Quite a number of 
large-scale plants are, even now, successfully 
at work, of which perhai)s the largest is that at 
the Portland Cement Works, near Riverside, 
California, which deposits over a hundred tons of 
dust daily from the gases of rotary cement kilns. 
There is little doubt that in the near future the 
principle will be largely adopted for industrial 
and public-welfare apx^lications. 

It has been known for almost a century that if a 
suitable electrical discharge takes place within a 
vessel containing smoke the cloudy appearance 
disappears almost instantly and the components 
of the smoke are deposited upon the walls of the 
vessel. It has been suggested that violent rain 
and hail storms following a flash of lightning have 
a similar origin. Sir Oliver Lodge pursued the 
subject to a considerable extent thirty years ago 
and in most interesting directions: primarily, 
as a means of recovering valuable by-products 
existing as dust in the fumes generated in 
metallurgical processes, and, secondly, as a means 
of dissipating fog. The last mentioned is, of course, 
a heroic ideal, but ssiay, in the opinion of more than 
one experimenter, have interesting developments. 

The researches of Sir Joseph J. Thomson and 
the late Sir William Crookes, and the experiment>al 
work carried out by Dr. F. G. Cottrell in America, 
have made clear the underlying prindple^^ of 



TrrLTRATIOK OF AIR 


«7 

electrical pr^ipitation. If two electrodes be 
connected to a source of rectified high-tension 
supply, atoms of negative electricity, called 
electrons, flow from the negative electrode. The 
electrons move at a great speed and collide ^tith, 
and become attached to, the molecules of the 
surrounding gases and also to any dust or smoke 
particles that may be present. In this way the 
particles become electrified and tend to move 
towards the positive electrode under the influence 
of electrostatic attraction, just as small pieces of 
paper tend to fly to an (‘bonite rod electrified by 
rubbing. The velocity imparted to the particles 
by this electrostatic attraction, however, is not 
great, and the essential requinanent for the 
precipitation of the particles is for the negative 
electrode to be relatively small and the positive 
electrode to be relatively large, so that an intense 
electric field is created which, acting upon the 
elect^ed particles, drives them to the positive 
electrode with considerable force. 

. The apparatus generally used up to the present 
time consists of elements, each of which is in the 
form of a high vertical iron or steel tube of com¬ 
paratively small diameter, provided at its base with 
a dust-collecting chamber common to a number of 
elements. A suitably insujjited bare wire is 
mounted concentrically within each element. 
These wires are connected to the negative terminal 
of a current rectifier supplied from a transformer, 
and the tubes are connected to the positive ter- 
n^jpal. A sufficient voltage has to be supplied to 
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cause what is known as a corona discharge from the 
wires, and, obviously, it varies with the diameter 
of the tubes employed. Pressures as high as 
250,000 volts have already been employed, but for 
small plants from 30,000 to 50,000 volts is more 
usual. The air or other gas to be treated flows up 
the tubes, and the velocity must be kept within 
a certain critical value to enable the precipitation 
to have full effect. Under the influence of the 
electric field the electrified particles are driven 
violently against the interior walls of the tubes, 
where they coahjsce and fall inert into the dust 
chamber below. Although the voltage used is 
so high, the energy consumption is not so large as 
to be likely to prohibit the general use of the 
system on account of cost. In more than one 
instance, where the system has been adopted 
-chiefly as a means of preventing contamination of 
the surrounding atmosphere by dust, the collection 
of this dust (potash, for examjfle) alone shows a 
good rebate upon the operating costs. In other 
cases*^ where the dust rises from the smelting of 
valuable ores the gain has been considerable. 
The visible effect is most marked. One sees dense 
fumes rising from a chimney or duct; the current 
is switched on to the apparatus and in some 
fraction of a seconc^the fume column is cut off as 
if by a knife. 

We are not aware of the installation of this 
system in connection with the ventilation of build¬ 
ings in this country up to the present, but it would 
appear to be withhi the range of early possibility. 
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Those intereated in the subject will find elaborate 
papers dealing with it historically, mathematically, 
and practically by Messrs. Cottrell, Strong, 
Nesbit and Bradley, appearing in Vol. XXXIV, 
Part I, of the Transactions of the American 
Institute of Electrical Enrjineers. 
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mental), 5 

Pressure filters, 41, 46, 47, 49 

-, head anti speeds, 44 

-- rating of, 60 

Public supply, rapid filters, 57 

-, slow filters, 52 
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Wood-wool, 30 


Printed in Bath, England, hy Sir Isaac Pitman ds 8one,lM, 
X—(5895) 


" Pitman *1 Primers are ail notaUe for the amount of intormatioa 
•apresied dearly in ^imall space/'— The Manchester Guardian. 

‘Pitman *s 

Technical Primers 

Edited by R. E. NEALE, B.Sc. (Hons.) 
A.C.a.l., A.M.I.E.E. 



In each book of the series the fiinclameiital 
principles of some sub-division of technoloj^y arc 
treated in a practical manner, providing the studc?nt 
' ■ with a handy survey of the jjarticular branch of 
technology with which he is concerned. Tlic^' 
should prove invaluable to the busy practical man 
who has not the time for more elaborate treatises. 


■Much in foolscap 8vo, about 120 pp. 
illustrated, 2IG net 

. Complete Descriptive List poet free on application. 


St|l ISAAC PITMAN AND SONS, LTD. 
P4JE^a Stbeet, Kingsway, London, W.C.2 










T^itman's TechnicaL 'Primers 

Each 216 net 


The Steani Loeomotivo. By E. L. Ahrons, M.I.Mech.E., 
•M.l.Loco.E. 

Bolts tor Power Transmission. Bv W. G. Dunklev, B.Sc. 
(Hons.). 

Water-Power Engineering. By F. F. Fergusson, 
A.M.lnst.C.K. 

Photographic Technique. By L. J Hibbcrt, F.R.P.S. 
Hvdro-Electric Development. By J. W. Meares, F.R.A.S;, 
‘ M.Inst.C.K., M.l.E.K. 

The Electrification ot Railways. By H. F. Trewman, 
M.A. 

roiitiiiiious Current Armature Winding. By F. M. Denton, 

A. C.C;.]., A.M.l.E.E. 

Municipal Engineering. By H. Percy Boulnois, 

M.lnst.C.E., F.K.San.lust. 

Foiindrywork. J^v Ben Shaw and James ICdgar. 
Patterniiiaking. Jiy Ben Shaw and James Edgar. 

The Electric Furnace. By Frank J. Moffett. B.A.. 
M.I.E.E., M.Cons.E. 

Small Single-Phase Transformers. By E. T. Painton, 

B. Se. (Hons.b A.M.l.E.E. 

Pnenmatic Conveying. By E. G. Phillips, M.I.E.E,, 
A.M.l.Mcch.E. 

Boiler Inspection and Maintenance. By R. Clayton. 
Electricity in Steel Works. By W. McFarlane, B.Sc. 
Modern Central Stations. By C. W. Marshall, B.Sc. 

Steam Locomotive Construction and Maintenance. By 

E. E. Ahrons, M.I.Mech.E.. M.l.Loco.E. 

High Tension Switchf^^ar. By H. E. Poole, B.Sc. (Hons.). 
A.C.G.I.. A.M.l.E.E. 

High Tension Switchboards. By the same Author. 
Power Factor Correction. By A. E. Clavtbn, B.Sc.. 
A.K.C., A.M.l.E.E. 

Tool and Machine Setting. By P. Gates. 

Tidal Power. By A. Stmben, O.B.E., A.M.I.C.E. 




T^itman'i Technical Vrimers 

Each 2l6 


Sewers and Sewerage. By H. Gilbert Whyatt, M.Inst.C.K., 
M.R.San.lnst. * 

Elements of llluminalinji; Knpneerin^. Bv A. B. Trotter. 
M.I.E.E. 

Coal-Cnttin^ Machinery. By G. F. F. Eager. M. Inst. Min.E. 

Grinding? Machines and Their Use. By T. K. Shaw, 
M.I.Mech.E. 

Klectro-De||iositlon of Copper. By C. W. Denny, A.M.I.E.E, 

Directive Wireless Telegraphy. By L. II. Walter, M.A., 
A.M.I.E.E. 

Testing of Contlniioiis-Currenl Machines. Bv C. F. Smith, 
D.Sc., M.I.E.E., A.M.l.C.E. 

The Electrical Transmission of Energy. By W. M 
Thornton, D.Sc. 

Steam Engine Valves and Valve Gears. By K. L. Ahnjns, 
M.I.Mech.E. 

Mechanical Handling of Goods. By C. H. Woorhield. 
M.I.Mech.E. 

Industrial and Power Alcohol. Bv R. C. I'armcr, O.B.E., 
D.Sc., Ph.D., F.I.C. 

Radioactivity and Radioactive Substances. B\' J. Chad' 
wick, Ph.D., M.Sc. With a Foreword by Sir Mr nest 
Rutherford, F.R.S. 

House Decorations and Repairs. By W. Prebble. 

Electric Power Systems. Bv ('apt. W. T. Taylor, 
M.Inst.C.E., M.I.Mech.E. 

High Voltage Power Transformers. By the same Author. 

The Manufacture and I’ses of plosives. By R. C. 
Farmer. O.B.E., D.Sc.. Ph D., 

Cotton Spinning Machinery and Its Uses. By W. Scott 
Taggart. 

Town Gas Manufacture. By Capt. Ralph Staley. M.C.. 
R.E. 

Electric Cables. By F. W. Main. A.M.I.Fl.E. 

Capstan and AutomaUc Lathes. By Philip Gates. 



^Pitman's Technicah Primers 

Back 216 


Kfnematograph Stndio Technique. By L. C. MacBean. 
Industrial Nitrogen. By P. H. S. Kempton, B.Sc. (Hons.), 
A.R.C.SC. 

The Testing of Transformers and Alternating-Current 
Machines. By Charles F. Smith, D.Sc., M.l.E.E. 
Continuous Wave Wireless Telegraphy. By B. E. G. 
Mittell, A.M.I.E.E. 

Switching and Switchgear. By H. E. I’oolc, B.Sc. (Hons.). 
Industrial Motor t^ontrol. By A. T. Dover. 

Petrol Cars and Lorries. By F. Heap. 

Oils, Pigments, Paints and Varnishes. By Rupert H. 
Truelove. 

Filtration. By T. R. Wollaston, M.l.Mccli.E. 

Metallurgy of Iron and Steel. Based on Papers by Sir 
Robert Hadfield. 

Electric Traction Controls. By A. T. Dover, M.l.E.E. 
Industrial Application of X-Uays. By P. H. S. K^mpxon, 
B.Sc. (Hons.). 

Abrasives. By A. B. Se.\rle. 

Sparking Plugs. By A. P. Young and H. W. H. Warren. 
Electricity in Agriculture. By H. Allen. 

Railway Signalling : Automatic. B 3 ' Ra^mar Wilson. 
Railway Signalling : Mechanical. By Raynar Wilson. 
Lubricants and Lubrication. By J. H. Hyde, of the 
National Physical Laboratory. 

Special Steels. By T. H. Burnham, B.Sc. 

The Diesel Engine. By A. Orton. 

Complete Descriptive List post free on application. 


SIR ISAAC PITMAN AND SONS, LTD. 

Parker Street, Kings way. Lovnnxr wr® 





>4N ABRIDGEU BJbT Ut 

TECHNICAL BOOKS 

PUBLISHED BY 

Sir Isaac Pitman &Sons,Ltd. 

[Incorporating WHITTAKER & CO.) 

PARKER STREET, KINGSWAY, 

LONDON. \V.C.2 


The prices given apply only to the British Isles, and are 
subject to alteration without notice. 


A complete Catalogue giving lull details of the following 
books will be sent post free on application. 

ALL PRICES ARE NET. 

s. d. 

Accumulatoks. Management of. Sir D. Salomons 7 6 

Aerofoils and Resistance of Aerodynamic 

Bodies. Properties of. A. W. Judge . . 18 0 

Aeronautics, Elementary. A. P. Thurston . 8 6 

Aeronautical Engineering, Text-book of. A. 

Klemin . . . . . . .15 0 

Aeroplane Design and Construction, 

Elementary Principles of. A. W. Judge . 7 6 

Aeroplanes, Design of. A. W. Judge . . 14 0 

Aeroplane Structural Design. T. H. Jones 

and J. D. Frier . . . • • . 21 0 

Aircraft and Automobile Materials—Ferrous. 

A. W. Judge . . . . • • . 25 0 

Aircraft and Automobile Materials—Non* 

Ferrous and Organic. A. W. Judge 25 0 

Alternating Current Bridge Methods of 

Electrical Measurement. B vHague . .15 0 

Alternating-Current Circuit, The. P. Kemp. 2 6 

Alternating Current Machinery, Design of. 

J. R. Barr and R. D. Archibald . . . 30 0 

Alternating Current Machinery, Papers on 
THE Design of. C. C. Hawkins, S. P. Smith, and 
S. NevUle.21 0 

Alternating-Current Work. W. Perren Maycock 10 6 

Architectural Hygiene. B. F. and H. P. Fletcher 10 6 

B5—1 



s. d» 


Arithmetic of Alternating CurrenJU. E. H. 

Crapper . . . . . . .46 

Arithmetic of Electrical ENGiNEERiN^i. Whit¬ 
taker’s . . . . • • .36 

Arithmetic of Telegraphy and Telephony. 

T. E. Herbert and R. G. de Wardt . . .50 

ARyFiciAL Silk and Its Manufacture. J. 

Follzer. Translated by S. Woodhouse . . 21 0 

Automobile and Aircraft Engines. A. W. Judge 30 0 

Automobile Engineers, Report of the Insti¬ 
tute OF, ON Fuels . . . . . 10 6 

Automobile Ignition and Valve Timing, Start¬ 
ing, AND Lighting. J. B. Rathbun . .80 

Ball and Roli.er Bearings, Handbook of. A. W. 

Macaulay . . . . . . . 12 6 

Baudot Frinting Telegraph System. H. W. 

Pendry . . . . . . . .60 

Blasting with High Explosives. W. G. 

Boulton . . . . . . .50 

Blue Printing and Modern Plan Copying. 

B. J. Hall. 6 0 

Blue Print Reading. J. Brahdy . . . 10 6 

Brewing and Malting. J. Ross Mackenzie . 8 6 

B.S.A., Book of the . . . . .20 

Cabinet Making, Art and Craft of. D. Denning 7 6 

Calculus for Engineering Students. J.Stoney 3 6 

Carpentry and Joinery. B. F. and H. P. Fletcher 10 6 

Ceramic Industries Pocket Book. A. B. Searle 8 6 

Chemical Engineering, Introduction to. A. F, 

Allen.10 6 

Chemistry. A First Book of. A Coulthard . 3 0 

Clutches, Friction. R. Waring-Brown . .50 

Colliery Electrical Engineering. G.M. Harvey 15 0 

Colour in Woven Design : A Treatise on 

Textile Colouring. R. Beaumont . . 21 0 

Compressed Air Power. A. W. and Z. W. Daw 21 0 

Continuous-Current Dynamo Design, Elemen¬ 
tary Principles H. M. Hobart . . 10 6 

Continuous Current Motors and Control Ap¬ 
paratus. W. Perren Maycock . . .76 

Costing Organization for Engineers. E. ^ W. 

Workman . . . . . .36 

Cotton-Spinners* Pocket Book, The. J. F. 

Innes . . . . . • . .36 

Detail Design of Marins Screw Propellers. 

D. H. Jackson.6 0 




5. d. 


Direct CurrenP Dynamo and Motor Faults. 

R. M. Archer . • . . . . .76 

Direct CurreiJt Electrical Engineering. J. 

R. Barr . . . . . . . 15 0 

Direct Current Electrical Engineering, The 
Elements of. II. F. Trewman and (». E. 
Condliffe . . . . . 5 0 

Drawing and Designing. C. G. Inland . .36 

Drawing, Manual Instruction. S. Harter . 4 0 

Drawing Office I^ractice. IT. P. Ward .'.76 
Dress, Blouse, and Costume Cloths, Design 

AND Fabric Manufacture of. K. Beaumont 42 0 

Dynamo, How to Manage the. A. K. Bottone 2 0 
Dynamo : its Theory, Design, and Manufacture, 

The. C. C. Hawkins. Vol. 1 . . . 21 0 

Vol. II.15 0 

Electric Arc and Oxy-Acetvlenf. Welding. 

E. A. Atkins . . . . . .76 

Electric Bells. S. R. Bottone . . .36 
Electric Circuit Theory and Calculations. 

W, Perren Maycock . . . . . 10 6 

Electric Guides, Hawkins’. JO volumes, each 5 0 

Electric Lighting and Power Distriih:tion. 


Vol. I. W. Perren Maycock . . . . 10 6 

Vol. II.* . . . 10 6 

Electric Lighting in the Home. L. Caster . 6 

Electric Lighting in Factories. L. Gaster and 

J. S. Dow.6 


Electric Light Fitting : A Treatise on Wiring 

for Lighting, Heating, See. S. C. Bnt.sfone . j6 0 
Electric Light Fitting, Practical. F. C. Allsop. 7 6 

Electric Mining Machinery. S. F. Walker .15 0 
Electric Motors and Control Systems. A. T. 

Dover . . . . .15 0 

Electric Motors—Direct Current. H. M. 

Hobart • . . . . . ,15 0 

Electric Motors— Polyphase. H. M. Hobart 15 0 

Electric Motors, A Small Boo^on. C.C. and 

A.C. W. Perren Maycock . . . .60 

Electric Traction. "A. T. Dover . . . 21 0 

Electric Wiring, Fittings, Switches, and T.ami s. 

W. Perren Maycock . . . . . 10 6 

Electric Wiring Diagrams. W. Perren Maycock 5 0 

Electric Wiring Tablf.s. W. Perren Maycock . 3 6 

Electrical Engineers* Pocket Book. Whit¬ 
taker's • 


10 6 




Electrical Instrument Making for Amateurs. 

S. K. Hottoiie . . • A • 

Electrical Instruments in Theory and Prac¬ 
tice. Murdoch and Oschwald 
Electrical Machines, Practical Testing of. 
L. Oulton and N. J. Wilson .... 

Ele£:trical Power Engineers' Library. Twelve 
volumes each, 7s. 6d. ; Complete sot 
Electrical Technology. H. Colton 
Electrical Terms, Dictionary of. S. K. 
Koget ........ 

Electrical Transmission of Photographs, M. J. 
Martin ........ 

Electricity. 11. E. Neale .... 

Electricity and Magnetism, First Book of. W. 
I*erren Maycock ...... 

Electro Motors : How Made and How Used. 
S. K. Bottone ...... 

Klicctrolytic Rlctimkks. N. a. do Bruyne . 
Electro-Platers’ Handbook. G. E. Bonney , 
Electro-Technics. Elements of. A. P. Young 
Engineer Draughtsmen’s Work : Hints to Be¬ 
ginners IN Drawing Offices 
Engineering Science, iP rimer of. E. S. Andrews, 
^ Part 1, 2s. 6d. ; Part 2, 2s. ; Complete * 
Engineering Workshop Exercises. E. Pull . 
Engineers’ and Erectors' Pocket Dictionary : 

E.NGL1SH, German, Dutch. W, H. Steenbeek 
English for Technical Students. F. F. Potter 
FiELii. Manual of Survey Methods and Opera¬ 
tions. A. Ix)vat Higgins .... 

Field Work for Schools. E. H. Harrison and 

C. A. Hunter. 

Files and Filing. Fremont and Taylor .' 
Fitting, Principles of. J. G, Homer 
Five Figure Logarithms. W. E. Dommett 
Flax Culture and Preparation. F. Bradbury 
Fuel Economy in StI^am Plants. A Grounds . 
Fuel Oils and Their Applications H V 
Mitchell • ....** 

Fuselage Design. A. W. Judge 
Gas, Gasoline, and Oil Engines. J. B. Rathbun 
Gas Engine Troubles and Installations T 
B, Rathbun , . . , • j* 

Gas and Oil Engine Operation. J. Okili ! 


s. d, 

6 0 

12 6 

6 0 

20 0 
12 6 

7 6 

6 0 
» 0 

6 0 

4 6 
3 6 

5 0 
5 0 

2 6 

3 6 
3 6 

2 6 
2 0 

21 0 

2 0 
21 0 

7 6 
1 6 

10 6 
5 0 

5 0 
3 0 

8 0 

8 0 
5 0 



d. 


Gas, Oil, and Petrol E.vgines : Including 
Suction GaF| Plant and Humphrey Pumps. 

A. Garrard . . . . . . .60 

Geometry, the Elements of Practical Plane. 

P. W. Scott. 4 0 

Geology. Elementary. A. J. Jukes-Browne . 3 0 

Graphic Statics, Elementary. J. T. Wight . 5 0 

Handrailing for Geometrical Staircases. W. 

A. Scott.2 6 

High Heavens, In the. Sir R. Ball . .50 

Highway Engineer's Year Book. H. G. Whyatt. 6 0 
Hosiery Manufacture. W. Davis . . .70 

Hydraulics. E. H. Lewitt . . . .86 

Illuminants and Illuminating Engineering, 

Modern. Dow and Gaster . . . . 25 0 

Indicator Handbook. C. N. Pickworth . .76 

Induction Coils. G. E. Bonney . . .60 

Induction Coil, Theory of the. E. Taylor-Jones 12 6 

Ionic Valve, Guide to Study of the. W. D. 

Owen . . , . , . . .26 

Ironfounding, Practical. J. G. Horner . . 10 0 

Iron, Steel and Metal Trades, Tables for the. 

J. Steel . . . . „ . .36 

Kinematography (Projection), Guide to. C. N. 

Bennett . . . . . . . 10 6 

Lacquer Work. G. Koizumi . . . . 15 0 

Leather Work. C. G. Leland . . .50 

Lektrik Lighting Connections. W. Perren 
Maycock . . . . . . .MO 

Lens Work for Amateurs. H. Orford . .36 

Lightning Conductors and Lightning Guards. 

Sir O. Lodge.15 0 

Logarithms for Beginners. C. N. Pickworth . 1 6 

Machine Drawing, Preparatory Course to. 

P. W. Scott . . . . . . .20 

Magnetism and Electricity, Ail Introductory 

- T T> ^ _ n 


Course of Practical. T. R. Ashworth 3 0 

Magneto and Electric Ignition W. Hibbert . 3 6 

Manuring Land, Tables for Measuring and. 

J, Cullyer . . . . . .30 

Marine Enginf.ers, Practical Advice for. C. 

W. Roberts . . . . . , ,50 


Marine Screw Propellers. Detail Design of. 

D. H. Jackson . . . . . .60 




Mathematical Tables. W. E. Dommett . . 

Mathematics, Mining (Preliminary). G. W. 

Stringfellow. With Answers . . ' , -d 

Mechanical Engineering Detail Tables. J. P. 


Ross 


s. d. 
4 6 

2 0 

7 6 


Whit- 


12 6 
20 0 


0 

0 

6 

0 

6 

0 


2 0 

3 6 
2 6 


Mechanical Ilngineers’ Pocket Book 
tak(T’s . . . • • • 

Mechanical Refrigeration. H. Williams 
Mechanical Stoking. D. Brownlie 
Mechanical Tables . . . • • 

Mechanics* and Draughtsmen’s Pocket Book. 

W. 1^. Dommett 

Metal Turning. J. Horner 
Metal Work, Practical Sheet and Plate. E. A. 

Atkins 

Metal Work—REPOUS sfe. C. G. Leland . 
Metalworkers’ Practical Calculator. J. 
Math(^sc>Il 

Metric and British Systems of Weights and 
Mkasuri s. F. M, Perkin .... 

Metric Conversion Tables. W. E. Dommett . 
Milling, Modern. E. Pull .... 
Mineralogy. F. II. Batch .... 

Mining, IModern Practice of Coal. Kerr and 
Bums. Part 1, 5/- ; Parts 2, 3 and 4, each . 

Mining Science, Junior Course in. H. G. Bishop 
Motion Pictiu<e Operation, Stage Electrics, 

ETC. H. C. Horstmann and V. H. Tousley 
Motor Truck and Automobile Motors and 
Mechanism. T. H. Russell .... 

Motor Boats, Hydroplanes and Hydroaero¬ 
planes. T. H. Kussell ..... 

Music IIngravtng and Printing. W. Gamble .21 0 

Naval Dictionary, Italian-English and 

T'nglisu-Ttaltan. W. 'r. Davas . . . 10 6 

Optics of Pfiotograpiiy and Photographic 

Lenses. J. T. 'Faylor . . . . .40 

Patents for InvenI^ons. J. E. Walker and 

R. B. Foster.21 0 

Pattern-Making, Principles of. J. G. Homer 4 0 

Plan Copying in Black Lines for Hot Climates. 

B. J.Hall. 

Pi.YwooD and Glue, Manufacture and Use of, 

The. B. C. Boulton ..... 
Polyphase Currents. A. Still 


9 

6 

6 

2 


7 6 

8 0 


8 


2 6 



5. d . 

Power Statioi#Efficiency Control. J. Bruce. 12 6 
Power Wiring Diagrams. A. T. Dover . ,60 

Printing. H.%^. Maddox.5 0 

Quantities AND Quantity Taking. W. E. Davis 6 0 

Radio Communication, Modern. J. H. Reyner 5 0 

Radio Year Book . . . . . . J 6 

Railway Electrification. H. F. Trewman . 25 0 

Railway Technical Vocabulary. L. Serraillier 7 6 

Refractories for Furnaces, Crucibles, etc. 

A. B. Searle . . . . . .50 

Reinforced Concrete. W. N. Twelvetrees .21 0 

Reinforced Concrete Beams and Columns, 

Practical Design of. W. N. Twelvetrees . 7 6 

Reinforced Concrete Members, Simplified 

Methods of Calculating. W. N. Twelvetrees 5 0 
Reinforced Concrete, Detail Design in. 

E. S. Andrews . . , . . .60 

Roses and Rose Growing. R. G. Kingsley . 7 6 

Russian Weights and Measures, Tables of. 

Redvers Elder . . . . . .26 

Shot-Guns. H. B. C. Pollard . .• . .60 

Slide Rule. A. L. Higgins .... 6 

Slide Rule. C. N, Pickworth . . .36 

Soil, Science of the. C. Warrell . .^.36 

Steam Turbine Theory and Practice, W. J. 

Kearton ...... .^15 0 

Steam Turbo-Alternator, The. L. C. Grant .15 0 
Steels, Special. T. H. Burnham . . .50 

Steel Works Analysis. J. O. Arnold and F. 

Ibbotson . . . . . . .12 6 

Storage Battery Practice. R. Rankin . .76 
Surveying and Surveying Instruments. G. A. 

T. Middleton. . . . . . .60 

Surveying, Tutorial Land and Mine. T. Bryson 10 6 
Telegraphy. T. E. Herbert . . . . 18 0 

Telegraphy, Elementary. H. W. Pendry . 7 6 

Telephone Handbook, Practical. J. Poole .15 0 

Telephones, Automatic. F. A. Ellson . .50 



5. d. 

Telephony. T. E. Herbert . • 1 . IB 0 

Textile Calculations. G. H. Wliitwam . . 25 0 

Transformer Practice, The Essen'/iAls of. 

E. G. Reea.12 6 

Trigonometry for Engineers, Primer of. W. G. 

Dunklcy . . . . . - .50 

Turret Lathe Tools, How to Lay Out . .60 

Union Textile Fabrication. R. Beaumont .21 0 

Ventilation, Pumping, and Haulage, The 

Mathematics of. F. Birks . . . .50 

Volumetric Analysis. J. B. Coppock . .36 

Water Mains, The Lay-Out of Small. H. H. 

Hellins.7 6 

Waterworks for Urban and Rural Districts. 

H. C. Adams . . . . . . . 15 0 

W^eaving for Beginners. L. Hooper . .50 

Weaving with Small Appliances. L. Hooper 
(1) The Weaving Board. (2) Tablet Weav¬ 
ing. Each . . . . . . .76 

Wireless Pocket Book, Marine. W. H. Marchant 6 0 

Wireless Telegraphy and Telephony, An 

Introduction to. J. A. Fleming . . .36 

Wireless Telegraphy. W. H. Marchant . 7 6 

Wood-Block Printing. F. Morley Fletcher . 8 6 

WooDCAR’fiNG. C. G. Leland . . . .76 

WooiawoRK, Manual Instruction. S. Barter . 7 6 

Woollen Yarn Production. T. Lawson . 3 6 

Wool Substitutes. R. Beaumont . . . 10 6 

Workshop Gauges. L. Bum and G. F. F. Eagar 5 0 


Complete Descriptive Catalogue of Scientific and 
TechnWd Books post free. 


LONDON: SIR ISAAC PITMAN & SONS, LTD. 
PARKER STREET, KINGSWAY, W.C.2 












i JAMES MILLS & Co. 1 

f;;:; I- 

s' Mt)SS IRONWORKS p 

S IlEVWOdl). I.ANCASIIIRK N 


V 1/. j ^ / /■ . i I 7 / /.7;/;.v f >/■■; I”! 

Patont Simplex Ke\AA!\in^ Sewage 
Disr ril)ut<>rs. p 

■ l*iUeni Simplex Rectangular Sewage 

Dist! ibutors. H 

L: {.:.■ 

Patent Sini])U'\ Surface Aeration [| 
Process of Sewage IbiriticatioiK [7 

o Automatic Doseing Sxpbons. i'7 

□ Sewage Screens v\ith Automatic ij 
^ Raking (ieai'. 

p Detritus K!e\alors. 

1 ..) 

u f\*iistocks« Decanting Valves, and 
i];; other Sew agel^urilicalion 1 1 on^^ oi k 

Sfiij -: rs : □ 

L! 

O' Li 

I Ames Crosta San., Eng. Co., Ltd. | 

o 12 Vic toria Str eet, Nottingham 

i g 

/if/ /f/<■ Pi i* <1 I/. I (.■ •/ //■(■ fjl.llif, lit.-,':! i'/IJ Ul-I ir:U /' (' , If,/I if, 

.1 /-/p/./f 




